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SUMMARY AND CONCLUSIONS

This Draft Environmental Statement was prepared by the staff of the U.S. Nuclear Regulatory
Conrnission and issued by the Conmission's Office of Nuclear Material Safety and Safeguards.

l. This action is administrative. ,
2. The proposed action is the issuance of a Source Material License to Plateau Resources,

Ltd., for the construction and operation of the proposed Shootering Canyon Uranium
Project with a product (Us0s) production limited to 2.2 x 10s kg (4.9 x lOs lb) per year.

3. The following is a summary of environmentai impacts and adverse effects.

a. Impacts to the area from the operation of the Shootering Canyon Uranium Proiect will
include the following:

r Alterations of up to 140 ha (350 acres) that will be occupied by the mill, mil'l
facilities, borrow areas, tai lings areas' and roads.

o An increase in the existing background radidtion levels of the mill area as a

result of continuous but smal'l releases of uranium, radium, radon, and other
radioactive materials during construction and operation.

. Socioeconomic effects on the 'local area, particu]arly the proposed cormunity of
Ticaboo, where the majority of workers wil'l be housed during project construction
and operation.

o Production of solid waste material (tailings) from the mill at a rate of about
680 MT (750 tons) per day and deposition as a slurry in an onsite impoundment area.

b. Surface water will not be affected by normal mi1'ling operations. Mi1'l process water
will be taken from the Navajo aquifer, and process water wil'l be discharged to the
tailings impoundment at about 0.68 m3 (150 gai) per minute. Some 6.9 x lOs m3

(560 acre-ft) of water per year wil'l be utilized by the mi]1.

c. There will be no planned discharge of liquid or solid effluents from the mill and
tailings site. The discharge of pollutants to the air will be small and the effects
negligible. The estimated tota'l annual who'le-body and organ dose commitments to
the population near the mill site are presented below. Natural background doses
are also presented for comparison. The dose commitments from normal operations
of the proposed Shootering Canyon mi'll will represent only very smal'l increases
in doses from current background radiation sources.

d. Construction and operation of the Shootening Canyon mill wil1 require the conrnitment
of small amounts of chemicals and fossil fue'ls, relative to their abundance.

e. Construction and operation of the Shootering Canyon mill wil'l provide employment and
induced economic benefjts for the region but may also resu'lt in.some socioeconomic
stress.

f. The tailings disposal impoundment, occupying up to 28 ha (70 acres) when filled with
taifings solids, may be unavailable for further productive use. However, when reclama-
t'ion'is completed and testing shows that radiation levels have been reduced to acceptable
1eve1s, it may be possible to return the tailings area to its former use as potential
grazing 1and. After reclamation, the area topography will be simi'lar to its present
state.
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Annual population dose commitmentf
within an 80-km (SO-milel radius

of the mill site

Receptor
organ

Dose (man-rems/per year)

Planteffluents Naturalbackoroundb

Total body 1.50

Lung 10.5

Bone d.rs

Bronchialepithelium 66.0

329

329

329

| 631

aBased on a projected year-200o population ot 3264.
bThe estimated natural background dose rate to the whole

body is 101 millirems/year. The bronchial epithelium dose

from naturally occurring radon.222 is assumed to be 500
millirems/year (&ct. 2.1 0).

4. Principal a'lternatives considered are as follows: ,

a. alternative sites for the mi'll,

b. a'l ternative mi l'l processes,

c. a'lternative of using an existing mill,

d. alternative methods of tailings management,

e. alternative energy

f . a'l ternati ve of no

sources, and

licensing action on the milj.

The following Federal, State, and local agencies have been
Draft Environmental Statement:

5. asked to comment on this

6.

7.

Department of Commerce
Department of the Interior
Department of Health, Education, and Welfare
Federa'l Energy Regulatory Commission
Department of Energy
Department of Tra,nsportation
Environmental Protection Agency
Department of Agriculture
Advisory Council on Historic Preservation
Department of Housing and Urban Development
Utah State Planninq Coordinator

This Draft Environmental Statement was made available to the public, to the Environmental
Protection Agency, and to other specified agencies in February 1979..

0n the basis of the analysis and evaluation set forlh in this Environmental Statement,
it is proposed that any license issued for the Shootering Canyon mill shou'ld be subject
to the following conditions for the protection of the environment:

a. The applicant shall construct a tai'lings disposal facility that will incorporate the
features described in A'lternative I of Sect. I0.3 and in Sect. 3.2.4.7 and that will
meet the safety criteria specified in NRC Regulatory Guide 3.11.
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b. The applicant shall control release of airborne particulates from tailings by use

of a witer sprinkler system, chemical stab'ilization, covering with soil, or other
equivalent means until reclamation of the tailings is completed'

c. The applicant shall implement the environmental monitoring program described in
Tabte'6.2 of this docuinent. The applicant shall establish a control program that shal
.include written procedures and instructions to control all environmental monitoring
prescribed hereiir and shall provide for periodic management audits to determine
ihe adequacy of implementatibn of these environmental controls. The applicant shall
maintain su?ficient records to furnish evidence of compliance with these environmental
controls. In addition, the applicant shall conduct and document an annual survey of
land use in the area surrounding the proposed proiect.

d. Before engaging in any activity not assessed by the NRC, the applicant-shal1 prepare
and recori in environmental evaluation of such activity. When the evaluation
'indicates that such activity may result in a significant adverse environmental impact
that was not assessed or thit il greater than that assessed in this Environmental
Statement, the applicant shall provide a written evaluation of such activities and

obtain prior approval of the NRC for the activity.

e. The applicant shall immediately notify the 0ffice of the State Archaeologist_if
artifitts are discovered durin! constiuction of the mill or tailings disposal areas
and shall have an archaeological survey performed prior to disturbing any previously
unsurveyed areas.

f. If unexpected harmful effects or evidence of irreversible damage not otherwise.
identified in this Environmental Statement are detected during construction and

operation, the app'licant shall provide to the NRC an acceptable analysis of the
oroblem and a plan of action to eliminate or reduce the harmful effects or damage.

g- The applicant shall provide
/ and tailings disposal areas

and l0-iaf this document.

for stabilization and reclamation of the milI site
and milI decommissioning as described in Sects. 3.3

h. The applicant shall provide surety arrangements to ensure completion of the mill
site and tail ings area stabil izatjon, reclamation, and decommissioning p1ans.

B. The proposed position of the NRC is that, after weighing the environmental, economic,
technical, and other benefits of the operation of Shootering Canyon Uranium Project
against environmental and other costs and after considering available alternatives, the
action called for under the National Environmental Policy Act of .|969 

and l0 CFR Part 5l
is the issuance of a Source Material License subject to conditions 7a through 7h, above.

As announced in a Federal Regi,steT notice dated 3 June ]976 (4] FR 22430), the NRC is
preparing a generic environmental statement on uranium mi1fing. 41though it is the
NRC's position that the tailings impoundment method discussed jn this Statement represents
the most environmentally sound and reasonable alternative now available at this site,
any NRC licensing action may be subiect to revision in accordance with the conclusions of
the fjna'l generic environmental impact statement and any related rule making.
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FOREI^IORD

This Draft Environmental Impact Statement is issued by the U.S. Nuclear Regulatory Commission

(NRC), Office of Nuclear Material Safety and Safeguards, 'in response to the request by
plateau Resources, Ltd., for the issuance of an NRC Source Material License, authorizing
operation of the mi11 proposed for the Shootering Canyon Uranium Proiect. This document has

been prepared in accordance with Commission regulation 1-0 qlf Part 5.l, which implements
requ.irements of the National Environmental Policy Act of .I969 (NEPA; P.L. 9l-.|90). The mill
will be owned and operated by Plateau Resources, Ltd. (the applicant).

The NEPA states, among other things, that it is the continuing responsibility of the Federal
Government to uie all-practicable means, consistent with other essential considerations of
national policy, to improve and coordinate Federal p1ans, funct'ions, programs, and res0urces
to the end that the nation maY

r fulfill the responsibilities of each generation as trustee of the environment for
succeeding generations;

. assure for all Americans safe, healthful, productive, and aesthetically and culturally
pleasing surroundings;

o attain the widest range of beneficial uses of the environment without degradation, risk
to health or safety, or other undesirable and unintended consequences;

. preserve important historic, cultural, and natural aspects of our national heritage
and maintain, wherever possible, an environment that supports diversity and variety of
'i ndi vi dual cho ice;

o achieve a balance between population and resource use that will permit high standards of
living and a wide sharing of life's amenities; and

o enhance the quality of renewable resources and approach the max'imum attainable recycling
of depletable resources.

Further, with respect to major Federal actions significantly affect'ing the quality of the
human environment, Section 102(2)(C) of the NEPA calls for preparation of a detailed state-
menE on

(i) the environmental impact of the proposed action,
(ii) any adverse environmental effects that cannot be avoided should the proposal be

impl emented,
alternatives to the proposed action,
the relationship between local short-term uses of man's environment and the maintenance
and enhancement of long-term productivity, and
any irreversible and irretrievable conmitments of resources that would be involved in
the proposed action should it be implemented.

Pursuant to l0 CFR Part 5.l, the NRC Division of Fuel Cycle and Material Safety prepares a
detailed statement on the foregoing considerations with respect to each application for a
Source Material License for a uranium mill.

In accordance with l0 CFR Part 40, Section 3.l, the applicant has submitted an Environmental
Report to the NRC as part of its license application. In conducting the required NEPA review,
Commission representatives (the staff) met with the applicant to discuss items of information
in the Environmental Report, to seek additional information that might be needed for an

tl l r J

(iv)

(v)

xvlI



adequate assessment, and generally to ensure that the Cormission has a thorough undenstanding
of the proiect. In addition, the staff sought information from other sources to assist in the
evaluation, conducted field inspections of the project site and surrounding area, and met with
State and'local officials charged with protecting State and loca1 interests. 0n the basis
of the foregoing activities and other such activitjes or inquiries as were deemed useful and
appropriate' the.staff has made an independent assessment of the considerations specified'in

;::'1.]::::l:'1.:',::.'1'il. issuance or this Drart Environmentar statement (ors) uv tn"
Office of Nuclear Material Safety and Safeguards. The DES has been distributed to Federal,
State' and local governmental agencies and to other interested parties for comment. A
summary notice has been published in the Fedeyal Registez,regarding the avai'lability of the
applicant's Environmental Report and this DES. Comments should be addressed to

. Director, Division of Fuel Cycle and Material Safety
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

After comments on the DES have been received and considered, the staff will prepare a final
Environmental Statement that includes discuss'ion of questions and comments submitted by
reviewing agencies or individuals. Further envjronmental considerations are made on the basis
of these comments and combined with the previous evaluation; the total environmental iosts
are then evaluated and weighed against the envjronmental, economic, technical, and other
benefits to be derived from the proposed project. The consideration of available alternat'ives
and environmental costs and benefits provides a basis for denial or approval of the various
Federal actions, with appropriate conditions to protect environmental values.

Single copies of this DES, NUREG-0504; may be obtained by writing

Division of Technical Information and Document
U.S. Nuclear Regu'latory Commission
Washington, D.C. 20555

Control

xvlll
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I. INTRODUCTION

I.I THE APPLICANT'S PROPOSAL

Pursuant to Title 10, Code of Fedez,al ReguLations (CFR), Part 40.3.l and to l0 CFR Part 51,
Plateau Resources Limited (the applicant), on May 5,.l978, applied to the Nuclear Regulatory
Commission (NRC) for an NRC Source Material License to construct and operate a uranium
processing mi11. This mill, hereafter referred to as the Shootering Canyon Uranium Project,
will process ores from independent and company-owned mines.

This project will consist of construction and operation of a m'ill with a nominal processing
capacity of 680 metric tons (MT) (750 tons) of dry ore per day. The design capacity of 717 MT

(790 tons) per day allows for plant shutdowns while still maintaining the nominal production
schedul e.

The applicant presently controls by ownership, lease, or.contract, ore reserves containing
approximately 2500 MT (2800 tons) of uranium oxide (U306) with an average ore grade of 0..l0%.
For purposes of caiculation, an operating schedule of 24 hr/day, 365 days per year was assumed.
The mi11 is designed for 90% U308 recovery. At this schedule, there are over ten years of
proven ore supply. The applicant has designed for a lS-year project lifetime with the expectation
that other ore sources will be discovered or purchased later. Based on these figures, the mill
will produce about 2?4 l4I (247 tons) of UsOe per !ear. Deta'ils are given in Sect. 3.2.

Waste materials (tailings) from the mill will be produced at a rate of about 680 MT (750 tons)
of solids per day and stored in a tailings impoundment. The storage capacity has been designed
for 20 years in case additional ore is located during the'15 years of planned project operation.
Details of the design and operation of the tailings disposal system are given in Sect. 3.2.5.

In accordance with NRC Guides 3.5 and 3.8, the applicant has submitted a Source Material
License Application (Form NRC-2),I an Environmental Report (ER),2 supplements to the ER in
response to questions by the NRC staff, and a tailings management plan including geotechnical
engineering studies.3 In this Environmental Statement, the ER is cited extensively; however,
'its full title and documentation are given only in the list of references for Sect. l. Here-
inafter the applicant's Environmental Report will be cited parenthetically as ER, with section,
page, figure, table, appendix, and/or supplement number.

1.2 BACKGROUND INFORMATION

The proposed Plateau Resources, Ltd., mill will be located in Garfield County, Utah, about
2'l km (i3 miles) north of Bullfrog Basin Marina and about 77 km (48 miles) south of Hanksville,
Utah (Fig. l.l). Ore for the mill will be provided through an existing ore buying station
near Blanding in San Juan County, Utah (Fig. 2..l), and applicant-owned mines located about 5.6 km

(3.5 mi'les) north of the planned mill (Fig. l.l). The buying station, owned by the applicant,
purchases ore from independent mines.

The surface area of the project site is controlied by mill site claims. The mill and tailings
impoundment will occupy about 46 ha (ll4 acres) of the site. At the end of the proposed
15-year project lifetime, the reclaimed tailings'impoundment will occupy approximately 28 ha
(70 acres ) .

A proposed new town, Ticaboo, to be located about 4.2 kn (2.6 m'i1es) south of the plant site, will
occupy an additional 260 ha (640 acres). Although not the subiect of ficensing action, the
socloeconomic impacts of Ticaboo will be discussed in detail.
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FiS. l.l. Location of the site of the Shoot6ring Canyon Uranium project.
Source: ER, Fig. 2.6-2.
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The purpose of this Environmental Statement is to discuss in detail the environmental effects
of project construction and operation as well as monitoring and mitigating measures proposed to
minimize the effects of the overall project on the immediate area and surrounding environs.

I.3 FEDERAL AND STATE AUTHORITIES AND RESPONSIBILITIES

Under l0 CFR Part 40, an NRC license is required in order to "receive title to, receive,
possess, use, transfer, deliver... import .., or export ... source material ..." (i.e.,
uranium and/or thorium in any form containing 0.05% or mcre of uranium, thorium, or combinations
thereof). Part 5l of l0 CFR provides for the preparation of a detailed Environmental Statement
pursuant to the National Environmental Policy Act of 'l969 (NEPA) prior to the issuance of an
NRC l icense to authorize uranium mil l ing.

The NEPA became effective on January l, .l970. 
Pursuant to Section 102(2)(C), in every

major Federal action significantly affecting the quality of the human environment, Federal
agencies must include a detailed statement by the responsible official on

l the environmental impact of the proposed action,
2. any adverse environmental effects that cannot be avoided should the proposal be

impl emented,

3. alternatives to the proposed action,
4. the relationship between local short-term uses of man's environment and the maintenance

and enhancement of long-term productivity, and

5. any irreversible and irretrievable commitments of resources that would be involved in
the proposed action should it be implemented.

This detailed Environmental Statement has been prepared in response to the above requirements.

The State of Utah implements other rules and regulations affecting the project through
necessary permits and approvals provided by State agencies. The Utah Division of 0il, Gas,
and Mining is the responsible agency for all mine and mill sites within the State under the
"Utah Mined Land Reclamation Act of .l975." Title I1 of the "Uranium l,4ill Tailings Radiation
Control Act of 197B" gives the NRC direct licensing authority over uranium mi11 tailings.
Bonding arrangements will be required to assure funding for reclamation of the tailings
impoundment and mill site grounds and for decommissioning of the facility.

I.4 STATUS OF REVIEWS AND ACTIONS BY FEDERAL AND STATE AGENCIES

Required Federal regulatory actions include the issuance of a Source l4aterial License by the NRC.

In additjon, before construction and operation of the Shootering Canyon Uranium Project can
be completely implemented, the State of Utah requires that permits or licenses be obtained
prior to the initiation of various stages of construction and operation of the mill. The
current status of these regulatory approvals and permits is given in Table l.l. The applicant
will acquire these approvals and permits as needed.

I.5 NRC MILL LICENSING ACTIONS

In June 1976 lFed. Regist. 4l(l0S): 22430-22431 (June 3, .l976)1, the NRC specified that
applicants requesting a Source l'laterial License prior to the NRC's issuance of its generic
environmental impact statement on uranium milling (scheduled for release in -l979) 

should
address five criteria that will be weighed by the Commission in licensing and relicensing
actions. These criteria are considered below as they apply to the Shootering Canyon Uranium
Proj ec t .
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Table 1.1 . Status of regulatory approvals and permiG required prior

to operation of the Shootering Canyon Uranium Proiect

Permit or licensea Granting authoriqf Status

Right-of-Way Approval
Recording of Mine and Mill Site Claims
Ouantity Grant Selection

Approval to USLB
Approval to Purchase from UU

Construction Approval
Notice of Construction C,ommencement
Appropriation of Water Certif icate
Filing of Mine Reclamation Plan

Solid Waste Disposal Permit
Encroachment Permit
Discharge Permit (if required)

Source Material License

BLM

.BLM

BLM
USLB
USDH-ACC
UOSHA
USE

UDNR-DOGM
UBH
UDT
UCWP

NRC

Applied May 1978
Continuing

Applied April 1978
Approved March 1978

Approved February 1978

Change requested April 1978
Filed t 977

Applied May 1978

l.

sExplanation of acronyms and initialisms: BLM, U,S. Bureau of Land Management; USLB, Utah State

Land Board; UU, University of Utah, Institutional Council; USDH-ACC, Utah State Division of Health, Air
Conservation Committee; UOSHA, Utah Occupational Safety and Health Administration; USE, Utah State

Engineers Office; UDNR-DOGM, Utah Department of Natural Resources, Division of Oil, Gas, and Mining;

UBH, Utah Board of Health; UDT, Utah Department of Transportation; UCWP, Utah Committee on Water

Polluiion; and NRC, U.S. Nuclear Regulatory Commission.

It is Likelg t|nt eaeh in&Loidaal Licensing action.of this type uould lnue a utility
tlnt is i-niependent bY *e uti,Li.ty of other Lieensing. actions -of thi-s type. _.
This statemeit is manifestly true-foi uranium mills in general and for the Shootering
Canvon milf in oarticu'lar. 

-This mill is located near mining operations producing
lsyigrade ore (=9.1911. The costs of hauling this ore over fonger.d'istances.make this
proj;ct virtuaily indipendent of other milling operations. This milling project can

be considered on-its own merits, licensing actions with respect to other mills are
independent of thjs mill, and a separate cost-benefit analysis can be performed.

It is ttot Likely that the taking of anA particuLab Licensing action of this'type durLng
tlp tine frane 

-tnden consiile"atAon uould conetitute a coivni,hnent of z'esotttces tltat aould
tend to significmttly foreclose the aLtezmatiues atsaitable utth Tespect to any other
in&Luilaal Licensing action of this type.
The proposed action invo'lves the construction and operation of a mill to produce yellow
cake'(U;08) from local uranium ore bodies. As pointed out in the response to the first
criterion, uranium mills are normally located close to economica11y exploitable ore bodies.
The ore would not like'ly be exploited to provide feed for a more distant mill. As to the
commitment of resources, none of the materia'ls involved in the construction and operation
of the mill are unique or in short supply; hence, licensing this mill would not affect any.
licensing action with respect to other mills. Air, land, and water resources would be used
loca'lly but not to an extent to preclude the erection and operation of another mill.

It i,s Li,kely that any enviroftnental inrpacts associated vlth any indiuidaal Licensing
aeti,on of this type uould be such tLwt they could adequately be ad.dteesed uithin the
contest of the indiuidaal Lieense application uithout ouerlooking oty cwruLatiue
enoi.?olunental irnpact. I

This Environmental Statement contains an assessment of the environmental impacts associated
14ith the proposed'licensing action and their severity, and includes proposed monitoring
programs and actions to mitigate the impacts. Cumulative impacts have been addressed
within the context of the individual 'license. The relat'ive isolation of the proposed
site virtually ensures that all appropriate environmental impacts can be adequate'ly
addressed in this site-specific Environmental Statement. Adverse effects characterist'ic
of all uranium mi'lIs will be evaluated in a forthcoming generic environmental statement.
The major objective of the generic statement is the generation of prciposals to mit'igate
such effects.

2.

3.
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It is Likelg that any technicaL issues that may az'ise in the eout'se of a z'ettieu of an

inditridtLal Lieense appLlcation ean be t'esoLt'ed aithin that context'
ffie appticant has coiriidered alternative mi11 processes, alternative tailings disposal
methobi, and other technical issues in its license application and Environmental Report.
The staif has reviewed the applicant's evaluations and, in addition, has evaluated other
teinnicai issues. All of thbie evaluations and, presumably, any further technical.issues
if,ii ruy arise during review are resolvable within the content of the individual licensing
action,-inasmuch as itris mill is independent of other mills. In addition, the license
will b6 conditioned as required by the Fed.ev,al Register: notice of June 3, .l976, to permit
revision of waste management and other practices.

A deferral on Lleensing actians of this type uouLd result,in substantiaL harm to the
public intez,est as indicated abotte because of uraniun fuel t'equiz'ements of operating
reactors and reaetot's nou undev' constt'uction.
As previously stated by the NRC,4 "the fu11 capacity of existing mills will be required
to support piesently oierating nuclear power reactors and those expected to begin._
operation in 1977."- The Shootering Canyon milI is one of a small number of new mills
that have been proposed in the lasi several years, and a deferral of its operation could
extend the time required for the delivery of fuel to reactors now operating or under
construction. This delay could adversely affect the ability of these reactors to
deliver needed electrical power. Such a shortfall of electrical energy is generally
construed to be harmful to the public interest (see also Appendix B).

5
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2. THE EXISTING ENVIRONMENT

2.1 CLIMATE

2.1 .l General i nfI uences

Although the climate in the vicinity of the shootering canyon uranium Project varies somewhat

with elevation and teriain features-, it can general1y-be described as semiarid (steppe)'

OuVl ir" usual1y clear w'ith abundant sunshine, low annual precipitation,-1ow humidity, and

[i"gh potential Lvaporation. Daily ranges in temperature are relatively 1arge, and winds are

noiruiiy light to moderate. Because synoptic-scale meteorological influences in the region
iie iefltively weak, topography and lolal micrometeorological effects play an important role
'i n determi ni ng the cl imate.

2.1.2 Temperatures

Although no long-term climatic records are available for the immediate vicinity of.the site'
recordi are available for several locatjons'in the general vicinity. Seasons in the region
are well defined. Winters are cold though usually not severe, and summers are hot. Inter-
polation of data from several locations in the region (Table 2..l), which show a reasonab)y
good correlation between temperature and elevation, indicate that the normal mean annual
iemperature at the site is about l2"C (54"F). January is usually the coldest month, and a

normal mean monthly temperature of about -0.6'C (31'F) is estimated for the site. July,
qenerallv the warmest month at the site, has an estimated normal mean monthly temperature of
ibout 26nC (78'F). Temperatures above 32oC (90'F) are not uncommon in the summer, but tempera-
tures above 38'C (.|00'F) are infrequent. Data collected at the site for.one year (August 1977-
July i97B) show an annual mean temperature of 15.9"C (60.6'F) (Table 2.1). January had a

mean temperature of 2.4"C (36.3oF), and the July mean was 30.4"C (86.7'F).

Table 2.1. Normal mean temperaturB at sslocted regional wsather stations in the

gsneral vicinity of ths Shoot€ring Canyon Uranium Proiect

Normal mean temPeratures
Elevation, msl

July

Toc

Bullfrog Basin Marina

Bluff
Estimated for site

Capitol Reef National Park

Esca lante

3822 14.9 58.9

4315 12.6 54.6

4500 12 54

5500 11.8 53.2

58',r 0 9.2 48.6

0.6 33.1 29.2

{.5 31.1 25.9

-0.6 31 25.5

-1.3 29.1 24.9

-2.a 26.9 21.6

1165
131 5

1372
1 676
177'l

84.5
78.1
78

76.9
70.8
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2.1.3 Precipitation

0n the.basis of regional records and one year of onsite data (Table 2.2), annual precipitation
is estimated to be about 18 cm (7 in.) at the site; however, precipitation is expi:cted'to
increase with increasing elevation to about 51 cm (20 in.) or more on the upper slopes of Mount
Hi1lers north of the site. During the summer and early fall moist air moves.in from the Gulf
of_Mexico,.usua11y producing prec'ipitation; however, heavy 1oca1 storms can produce more than
2.5 cm (l in.) of rain in a single day.

Trbh 2.2. Normd rnnurl pr.cipitriiofl .t trlast d ragionrl wa.th.r n tionr
in tfir 6nrrd yioinity of th. Shootrring Crnyon Urrnium Proict

Station
Elsvation, rml Precirlitation

' Bullfrog Basin

Bluff
Site data
Capitol Reef National Park
Escalante

1 165
1315
1372.
1676
1771

3822
431 5
4500
5500
581 0

13.6 5.35
19.2 7.55
18.08 7.3V
18.4 7.24
28.5 11.22

aBased on one year of data - August 1977 through July 1978.
- Source: ER, Table 2.7-2and ER Supplement, Appendix S.2.

2.1 .4 Wi nds

Winds in the region are moderate, wfth occasional strong winds during 'late winter and spring
frontal activities and during thunderstorm act'ivity in the surmer. Spring is generally the-
region's windy season. Although local winds vary with the seasons and the time of day, the
prevai'ling winds are southwesterly. Summaries of wind direction and wind speed distributions
are given in Table D.2 of Appendix D for the first year of actual site data.

2.1 .5 Storms

Hailstorms are unusual in this area. Strong winds and thunderstorms can occur in the vicinity
of the site in the spring and surmer. The maximum precip'itation reported to have fallen within
24 hr over a 3O-year period at Blanding, Utah, was 5.03 cm (I.98 in.).

. The site is susceptible to occasional duststorms, which vary greatly in intensity, duration,
and time of occurrence.' The basic conditions for blowing dust are found'in the general
vicinity: wide areas of exposed, dry topsoil and occasional strong, turbulent winds. Dust-
storms usually occur during the warmer months following frontal passages and occasionally
precede thunderstorm activities. Tornadoes have been observed in the-general region, bul
they occur infrequently. (see sect. 5..|.3..| for an estimate of the prouauitity.)

2.2 AIR QUALITY

The propose{ mi'!'l site lies within the jurisdiction of the Four Corners Interstate Air Quality
Contro'l Region (AQCR) which encompasses parts of Colorado, Arizona, New lrlexico, and Uta]i.
This region_has.recently been designated as an attainment area for suspended particulate
matter'' sulfur dioxide, photochemical oxidants, carbon monoxide, and nitrogen'dioxide,l which
indicates that Ievels of these pollutants in the region are within Federal-air quality
standards. I
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The character of the immedjate area of the proposed mil'l site is rupa1. There are no major
urban or industrial air pollutant sources presently operating in the vicinity of the pfoposed

mjll. Total suspended pirticulate matter and sulfur dioxide have been monjtored at Bullfrog
Basin Malina, apbroximately 2l km (.|3 miles) south of the proposed site. Except for the
rno"i-i..r tiq-irl particuiate standard, al1 reported values (ER, Table 2.7-9) were well below
the Federal'and State of Utah air quality standards. The 24-hr particulate violations are
probably related to natural fugitive dust associated with high winds. Sulfur dioxide con-
tentrations at Bullfrog Marina-have been below the limit of detection (0.005 PPqr)_most of the
time although infrequeit concentrations as high as 0.0.l to 0.02 ppm (ER' Sect. 2.7) have been

noted.

Total suspended particulate matter was monitored for one year at,the applicant's mine cqmp

foiiteA aiproxlmirtety 5.6 km (3.5 miles) north of the proposed plant site_(ER, Sec.t. 6.'l).
The annuai geometric mean, 55 ug/m3, approached the 60-ug/m3 Federal and State of Utah
seconAaiy siandard for this poiiutant."six of the 48 samples exceeded the 15O-pg/mz 24-hr
i"ionai"V standard, and two'(267 v1/n3 and 262 ug/m3) exceeded the 260-ug/m3.24-h2 primary
standard-. The higher annual geometric mean at the mine camp is'likely related to fugitive
dust emjssion fr6m equipmeni and vehicle activity on dirt roads jn the mjne camp area. The

rine.a*p is located in i 0.08-krn-wide (0.5-mile-iride) canyon with walls 9l to 122 m (300 to 
.

400 ft) above the camp. This topography would tend to decrease the local atmospheric dispersion
potentia'I, thereby intensifying the atrnbspheric pollutants. The proposed plant site is located
bn a low mesa thal rises about 60 m (200 ft) above the valley floor of Shootering Canyon
(ER, Sect. 2.4). Therefore, data collected at the mine camp could be higher than what may

actually exist at the proposed plant site'

No other air quality data is available for the immediate vicinity of the site. Nitrogen
dioxide is monitored at Page, Arizona, the closest reporting statjon. Results indicate that
annual mean concentrations"of this poilutant in the rbgion ire well below the l00 ug/m3
Federal and State standard. Between 

.|973 
and 

.|976, 
annual average concentrations ranged

between l0 to 24 ug/m3 (ER, Table 2.7-11). As a result of possible influences of emissions
from the Navajo power generating plant near Page, these data may indicate higher concentra-
tions than occur'at the proposed plant site. 0zone, also monitored at Page, has not exceeded
the Federal and State standard.

2.3 TOPOGRAPHY

The proposed facility site is located in rugged terrain about 8 km (5 miles) southwest of
Uount Ellsworth. The bluffs and mesas in the vicin'ity are typjcal of the landscape that
characterizes much of southeastern Utah. The proposed tailings impoundment site is in a

sma11, isolated catchment that presently drains into Shootering Creek. The site is bordered
on the west by a butte that rises approximately 150 m (500 ft) above the va11ey floor.
Shootering Criek lies just to the west of this butte. The proposed plant site is located on

a low mesi that forms the east side of the tailings impoundment. This mesa is.approximately
760 m (2500 ft) long, .|20 to 240 m (400 to 800 ft) wide, and rises about 60 m (200 ft) above
the valley floor of Shootering Canyon.

?.4 DEMOGRAPHY AND SOCIOECONOMIC PROFILE

The proposed mi'll and mine facilities will be located in the Shootering Creek_drainage basin,.
Garfie]b County, southeastern Utah, within Townships 35 and 36 South, Range.ll East (Fig. l.l).
Utah Highway 216 will serve as the major access route. An un'improved road in.Sho-oterinS
Canyon iow ionnects the project site to Highway 276 about 6 km (4 mi les) south of the proposed
ore processing facility (ER, p. 2-1).

The social and economic impacts of the proposed mill and mine operation will be defined
primarily by the geographical area of Garfield County, Utah. Regional impacts will primarily
ittect Girfield, fiayne, and San Juan counties, Salt Lake City, and parts of western Colorado.
The major political-jurisdictions impacted will be Garfjeld County, Garfie'ld School District'
Kane County, and the State of Utah. If any 1oca1 special services or taxing iunisdictions are
formed, they will receive related impacts.
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2.4.1 Demograph.y of the area

2.4.1..| Current populatjon and distribution

qoryPqrg9 to most eastern states, Utah is rather sparsely populated with a 1977 population of
1,271,300 - a 20% increase since 1970. This populat'ion represents an overa'|1 density of
39.9 persons per square kilometer (15.4 persons per square mile), but near'ly 70% of Utah's
population lives in the counties of Salt Lake, Utah, and Weber where Salt Lake City, Provo,
and 0gden, respectively, are located.

Although Garfield' Wayne, San Juan, and Kane counties are sparsely populated, they have
been experiencing considerable population growth. This growth has been a function of severalfactors,.for example, increased economic opportunities resulting from mjning, milling, and
increased tourism.

Garfield County, which covers 13,500 kn2 (52'117 sq miles), had a 1977 population of 3600, a
l4% increase in population since 1970; however, iopulation density reinains low with 0.3
persons per.square kilometer (0.7 per square mile) (Table 2.3). Approx.imately 90% of the
residents Iive in the.western-plrtion of the county near the major'iransportaiion corridor.In .|973 

about 40% of the Garfield County populatioir resided in Fanguitch; Esaaja;t; and
Tropic were the next largest towns (ER, p. 2-16). See Fig. Z.1.

Table 2.3. Area population for Wayne, Garfield, San Juan, and Kane counties compared with
the State of Utah, 1970 and 1 977

Population per given area
Land area Popu lation

County 1 970

;;r--;;r
197f

km2 sq mile
km2 sq miles 1 970 197f Percentage change

Wayne 6,446 2,489
Garfield 13,512 5,217
San Juan 20,419 7,8U
Kane 10,632 4,105

State total 213,2t;O 82,340

r,483 1,800
3,157 3,600
9,606 13,000
2,421 3,800

|,059,273 1,271,300

21.4
14.O

35.3
q7.0

20.0

o.2 0.6
o.2 0.6
0.5 1.2
o.2 0.6

5.0 12.9

0.3
0.3
0.6
0.3

5.9

o.7
o.7
1.6
0.9

15.4

aPreliminarv results,
Source: U.S. Bureau of Census, 1970; Utah Population Work Committee, 1977.

Wayne County:_wllLclr covers an area 6f O+SO kn2 (2490 sq miles), had a population of 1800 in1977. This 2.|.4% increase since,l97O vlelds a lopulatfon oenir'ty or o.s'personi pe" square
kilometer (0.7 per-square mile) (Jab1e 2.3)- Aipioximately 7o% ot tne poiutition'iives inthe.western part of the county. In 1973, the pbiulation cinters were Bicknell with Zg3, Loawith 344, and Torrey-.with 90 residents (q8, p. 2-16). About 45% of the Wayne County popula-tion is composed of Navajo Indians, who live'on or near the Navajo neiervifiJn.t---'

!11 lYun 99!nt{ had.a 
.|977 population o! ll,OQO residing in an area of 20,400 kmz (7Ae0 sqmlles). The population has increased 35.3% since.1970, giving a population densiti of 0.6persons-per lQlare-kilometer (i.6 per square mile) (Table 2.3). twb comrnunities aicount fornear'ly 40% of San Juan County's population - alanilirig, with a'lgzz popujiiion Ji Jozs, anaMonticello, the county seat, w'ith 2208 residents. 

l
Kane County'-which has an area_of 10,620 km2 (4.|00 sq miles), had a 1977 population of 3900.This population represents a 57% increase in ioputation.!in;6 1970, aithofigh-a;;;ily is oniy0.3 persons per sguare kilometer (O.S per squirb mile) (Table 2.3).
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Fig. 2.1. Location of the proposed Shootering Canyon Uranium Project.
Modified from the ER, Fig. 2.1-1.

Source:

2.4.1.2 Projected population

According to projections prepared by the Utah Agricultural_Experimental Station, Utah's
populat.i6n in'th6 v.ui 2ObO it e*p.ited to be b6tween 

.l,655,500 
and 2,)63,900 (Table 2.4)'

both extremes of this population range assume a graduai decline in mortality and a constant
fertility; however, tnb higtr figure also assumes a positive net migration while the low figure
is based a net migration of zero.

Garfield County population projections for the year 2000 show a percentage population increase
from a low of Sl;/" to a high of 78%. Any major population increase that does occur will most

like1y be a consequence of the proposed uranium mi11 project.

2.4.1.3 Transient PoPulation

The proposed facility is located near Bullfrog Basin Marina in the Glen Canyon National
Recreation Area. Viiitation to the recreation area and the marina results in a substantial
transient population within the impact area. Total visitation has been increasing over the
last ten ybais for both the recreation area and for Bullfrog Basin l4arina. In 1977, visita-
tion for the recreation area was 28.l,805, a 9% increase over the .l976 visitation figure;
jn 1977, visitation to the marina was 

.l56,330, a 29% increase. Available data indicate



i
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that the 1978 visitation for the whole park and for the marina will be substantially h'igher
than for the prev'ious year. Park officials predict that the current trend will continue
unless there is a full-scale energy shortage which could result in drastic use cuts (gulitrog
Un'it Manager, Nat'ional Park Service, personal communication, July 20, 1978). A'lthough the
area is used throughout the entire year, visitation is heaviest during March, April, May, and
June with the most intense.use occurring over the Memorial Day weekend ('16,000 people per day
at Bullfrog Marina in 1978).

Table L4. Population projections,a Garfield, Wayne, Kane, and San Juan counties
compared with the State of Utah

1g7sb
Percentage

increase,

1975-20100

Garfield County
Hish
Low

San Juan County
High
Low

Wayne County
High
Low

Kane County
Hish
Low

3,480 3,940
3,470 3,760

12,816 17,373
12,716 13,99

1,960 2,660
1,950 2,060

3,485 5,096
3,471 3,719

1 ,216,843 1,420,553
1,206,584 1,302,815

26,002 33,300 160
16,917 19,753 55

3,770 4.530 131 .1

2,310 2,510 28.7

5,960 71.3
5,120 47.6

t0,099 189.8
5,004 44.2

4,670
4,460

7,907
4,335

Utah
Hish

Low
1,803,985 2,163,927 . 78
1,4U,231 1,65s,528 37

aHigh projections assume a gradual decline in mortality, a constant fertility, and a

positive net migration. Low projections assume a gradual decline'in mortality, a constant
fertility, and no net migration.

bU.S. Census estimations for 1975 indicate that actual population for the State and

the four counties was b€low the "low" prolection presented in this table.
Source: Energy Fuels Nuclear, l^c., Environmental Report, White Mesa Uranium

Prolect, San Juan County, Utah, Denver, Jan. 30. I 978.

2.4.2 Socioeconomic profi'le

2.4.2.1 Social profi'te

The population characteristics of Garfield County can be summarized as fol'lows: predominately
white and of the Mormon faith; a ma'le/female distribution that roughly approximates that
of the nation; and an age distribution that shows concentrations in the 35-54 age group and
the 6-13 age group. Kane and Wayne counties have simi'lar population characteristics. San
Juan County differs in the larger proportion (46%) of its Indian population and the cultural
influence of this population.

The Shootering Canyon site is located in the Garfield
run by a three-man Board of Commiss'ioners. Additional
assessor, attorney, recorder, treasurer, sheriff, and
is Panguitch.3

I

I

County School D'istrict. The county is
county officers include a c1erk,

justice of the peace. The county seat
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2.4,2.2 Economjc profi le

Garfield County

Garfield County had a labor force of almost 1800 persons duning the first.quarter of .l978.

The county's unemployment rate was 
.l0.5%, 

about doub'le the State average (Table 2'5). In
1978, 26.9% of the population was employed in government jobs. In the private sector, ser-
vice activities provided 23.6% of the employment with close to 50 establishments. Manufactur-
ing accounts for'19.4% of Garfield County's nonagricultural iobs. Kaibab Industries, a

saimitl, employed 115 persons. Another sawmill, Stud Enterprises, and a clothing manufacturer,
Southern Utih industries, each employed 45 persons.4 0ther significant employment sectors
were trade activities and agricu'lture.

Table 2.5. Labor force in Wayne, Gartield, Kane, and San Juan counties and the State of Utah in 1978

Wayne Gar{ield Kane San Juan

Number P"t""l'u9" of. Nu.b",
nonaqflcultulal

P"tt"ltug: of. Nu.bu,
nonaqncu rIUral

Percfftage of 
Number

nonagncu ltural
Percentage of

nonagricultural

Percentage of
nonaqricultural

Civilian labor force
Employed persons

Unemployed persons

Unemployment rate, %

Nonagricultural payroll jobs

lvlanufacturing
Mining
Construction
Transportation, communications,

uti I ities
Trade

Finance, insrance, real estate

Services

Governmenl

982
915

67

o.b

441

29

50

69

2

52

7

24

1 766
1 581

185
10.5

1299
252

48
62

71

195

t9
306

350

1217

1071

146

12.O

4489
4142

341

7.7

2952
197

935
155

168

424
27

322
124

527,800
497,300
30,500

5.8

444,200
't4,400

14,700
30,600
29,300

100

6.5
11.2

15.4

o.4

I 1.6

5.4

47.9

t00
19.4

3.7
4.4

15.0

23.6
26.9

100

12.6

0.5
1.1

6.7

34.6
J.t

10.7

30.5

100

6.7
31.7

5.3

5.7

14.4

0.4
10.9

24.5

100

15.4

3.0
6.3
6.0

815
103

I
55

242

25
88

249

1 18,100 24.4
22,100 4.6
80,900 16.7

'f 14.100 23.6

'1 977 figures.

Source; Utah Department of Employment Security, Employment Newletter. March 1978.

Assessed valuation of Garfield County for 1977 was $.l4,468,983. The total school levy for
that year was 39.00 mi'lls and for the county 12.50 mills. For_the proposed.new town, Ticaboo
(Sect. 2.4.3.4), a mill levy of 5.|.50 mills on each dollar would be assessed.r

Wayne, San Juan, and Kane counties

Wayne, San Juan, and Kane counties had 
.l978 

unemployment rates of 6.8,7.7, and l2%' respec-
tively, all exceeding the State average sf 5.8% (Table 2.5).

I-!-99[g

In 1977, personal income tota'led $7505 million for Utah. Wayne County had.$.l0.9^milljon,
the thiid'lowest in the State. Personal income for Garfield County totaled $.l7.9 million'
while total personal income for Kane and San Juan counties was $.l4.3 million and $43.8 miIlion
respectively. s

per capital income for Utah averaged g5900 jn .l977. Garfjeld, Kane, and San Juan counties
were lower than the State average with per capita incomes of $5000, $3700, and $3400
respectively. Wayne County had a per capita income of $6.100.b

Monthly wages of nonagricultural employees averaged $859 on the State'level in .l977. 
Average

;;;ihji.*ig.i.in kanel sarrield, llayne, and San iuan counties were $555, $627, $720, and $842

respectrvely.'
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2.4.2.3 Transportation

State highways 95 and 276 are major ground transportation routes from the site to the more
populated_areas outside of Garfield County. Both roads are recently paved and 'in good con-dition. Traffic on the roads is light even under conditions of heavy visitation al Bullfrog
Marina. Access to the Garfie'ld County seat of Panguitch is restricted because of the absenie
of any direct east/west roads. Distances to'larger popu'lation and service centers outside
the county are.substantial; Moab, Green River, and Blanding are each over 160 km (100 miles)
1w9Y: Commercial air service is not availab'le to the area, nor is bus or rail service (Utah
Multicounty P'lann'ing-Corrnission, personal communication, August 9, 1979). Hanksville ddes
have airport fac'ilities that are run by the State of Utah, and Bullfro! Basin Marina has anairstrip. Use-of the Hanksville airport has increased over the last seven years due to
increased tourism and mining.T Because of the absence of direct roads to t-he couniy seat,
provisions of services to the eastern part of the county is difficult. In the past, ther6 has
been little demand for services because the area was sparsely popu'lated.

2.4.3 Residential options and service availability within commuting range to proposed facility
At.present, three populat'ion-centers provide.housing and some services for individuals living
and working in the area:. Bullfrog Basin Marina, a National Park Service facility; Hanksvil16,
an unincorporated conmunity 9f.410 people; and the Shootering Canyon mining camp, run by
Plateau Resources Limited. These three towns have neither available housing noi servicLs to
support the operating force for the Shootering Canyon mill. In addition, a private developer
proposes to construct a new town, Ticaboo, near the mill site. After construction of Ticaboo.
the mining camp will be shut down.

2.4.3.1 Bullfrog Basin Marina

Bu'l'lfrog Basin Marina is located 2I km (.l3 miles) south of the proposed mill site in the Glen
Canyon_National Recreation Area in Kane County.. The marina consists of several office buildings,
a service station and concession, docking facilities, camping sites, a limited number of mobil6
home units, and several duplexes.

Bullfrog has a permanent resident population of approximately 1.l5, which is composed of 40
park service employees and families,60 concession empioyees and families, and iS State
employees_and families. In addition, for about eight months of the year, the park service
employs l5 additional employees. _seasonal concession employees can iumber 70.' At the peak
of the tourist season_approximately 200 people may reside at the park faciiities (Bul'lfi^og
Unit Manager, National Park Service, personal corrnunication, July'20, 1978)

Housing at Bullfrog consists mainiy of mobile homes. The National Park Service ha's two
duplexes 9!d i9 building two more, and the State of Utah has one duplex. Most employees,
however, 'live in trailers. Visitors and contractors working U:lhilthe recreatioh area may
r-ent the motel units in the form of single, double, or triplel-T-ailer units. The number of
units available varies according to the size of the marinais work force. Expansion of accom-
modations at the Bullfrog Marina is restricted by the National Park Service.' Its own concept
p1an, however' cajls for the construction of a .|00-unit 

motel and a .l00-space 
recrdational

vehicle park, both to-be comple!g4 ln two years (Utah Multicounty Planning Conmission, per-
sonal conrnun'ication, August 9, 1978). These facilities will only be avaiiable to park users.

Services at Bullfrog are limit€d. Until recently a s'ing1e trai'ler school and one teacher
provided shelter and instruction for school-age children of families working at the park
facility and at the Shootering Canyon mine. In anticipation of the construition of Ticaboo
and the mill, an additional trailer unit and teacher have been assigned to the park facility.
Limited medical services include trained and equipped emergbncy medical technicians plus
occasiona'l vis'its of a nurse. Commercial services include a convenience store-
restaurant and a gas station. There is no corrnercial power at the park facility. Police
protection is provided by the National Park Service. l
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2.4.3.2 Hanksvil le

Located 77 km (48 miles) north of the proposed mill in Wayne County on Utah Route 24 at the
junction of Utah Route 95 is the unincorporated town of Hanksville, population 4.l0. The

population of Hanksville has'increased substantjally in the last eight years due.to increased
mihing activities, tourism at Lake Powell, and the establishment of a branch office of the
Bureai of Land Management (50 employees) near the town (Utah Multicounty Planning Commission,
personal communication, August 9, .l978)

Although there is plenty of land available for development, people in the community have been

reluctint to sell. Somi'land speculation has occurred, however, as a consequence of the
population growth, and land values have increased. The average_price-presently.for a building
iot within ihe conrmunity is $!000 per acre. Farming'land is selling for approximately
$.l000 per acre without water. /

Hanksville presently has approximately 
.l50 

households, 75 single-family units and 75 mobile
homes. The average-cost oi a new home is approximately_$4O,000. There are three motels
within the city with a total of approximately 30 units.'

Although there has been recent development, Hanksville is st'i'll limited in the quantity and

qualit! of services that the town can provide without substantial increases in expenditures
and coisiderable activity in the private sector. Although an adequate water supply is
available in under'lying aquifers, housing availability has been severely restricted by the
'lack of available puUtic water. The town has recently received a loan from the Utah State
Water Resources Board to replace existing water lines and provide 380 m3 (.l00,000_gal) of
water storage. This loan represents 75%-of the estimated cost of $.l50'000 to $.l75,000 to
build the slstem. The system should be adequate to serve 650 persons or.an increase of
approximateiy 250 personi over the existing population.s No.central sanitary sewer facilities
eiist, and t-here are no plans to construct any. Hanksville does have electric power and

telephone services although the former is not adequate to support a large population increase.

Law enforcement is provided by Wayne County and consists of one part-time deputy assigned.to
the region. The Stite Highway Patrol also gives some police protection. There are no jail
facilities in Hanksville, and violators of the law are transferred to Loa. Hanksville is
served by a rural fire protection district. A new building has recently been constructed at
a cost oi $S+,OOO. A fire truck and ambulance stationed in Hanksville will be stored in the
building. The fire truck is a 1956 pumper. There are three volunteers to handle the fire
equipment; they receive no remuneration. The Bureau of Land Management also has-a pumper

truck stat'ioned in Hanksville that can be used for fighting residential fires.r,/

0ther services include the elementary school, which hand'les grades K-8. Enrollment is now

ii iapacity with 60 students. High ichool students are bused to Bicknell, .l00 
km (60 miles)

away.' Theie are three teachers on the Hanksville school staff.T The town has one small
libi.ary located in the church, and it is also serviced once a week by the Utah State Book-
mobile. There are no community-owned parks or playgrounds, although there is a sma11 play-
oround adiacent to the school and a cement slab with basketball standards adjacent to the
6ld church.T There is no hospital or clinic in Hanksville; only emergency services are
avai lable.3 '7

2.4.3.3 Shootering Canyon mining camp

Located 5.6 km (3.5 miles) north of the proposed site is the Shootering Canyon mining camp. The

campsite is in a potential flash flood area. Access to the site is over a graded dirt road.
The camp, in existence for two years, provides housing and food for approximately-60 mine
employees and their fami'lies.3 The current population is .l54. 

Approximately half of the
reiidents live permanently at the camp, and half commute on a four-days-on, three-days-off
schedul e.

Housing at the camp consists of trailers. There are minimal services: electrjcity (pro-
vided by a small portable generator), a company mess, and a telephone. The appli.cant proposes
to shut down and dismantle the camp when adequate housing facilities are provided at Ticaboo.



2-10

2.4.3.4 Ticaboo'

A private deveioper plans to construct a new town, Ticaboo, approximateiy 4.? kn (2.6 mi'les) south
of the m'ill site. The proposed site is in Sect'ion 16, Township 36 South, Range 1l East
(Fig. l.l). Adjacent to and west of State Highway 276, both the mill site and the Ticaboo
site are geographically isolated from the western portion of Garfield County and from the county
seat of Panguitch because there are no direct east/west connecting roads. Table 2.6 lists
highway distances to the site and the population of the nearest towns. The Ticaboo site is a
school section owned by the State of Utah and leased to the Ticaboo Deveiopment Corporation
under the provisions of Specia'l Lease Agreement No. 399.

Table 26. Highway distances to the
Shootering Canyon site

Distance

miles
Population

Bullfrog Basin

Hanksville
Green River
Bicknell
Loa

B landing
Monticello

100-20d
41&
13o*
38*
45cD

3075c
220*

23 14
'17 48

192 1 19

203 126
214 133
237 147
274 173

aBullfrog Unit Manager, National Park Service,
personal communication, July 20, 1978.

'Director, Community and Natural Resources Plan.
ning, Six County Commissioners Organization,
personaf communication, Aug. 23, 1978.

tEnergy Fuels Nuclear, lnc,, Environmental
Repon, White Mesa Uranium Project, San Juan
County, Utah, Denver, Jan. 30, 1978, p.2-15.

Surrounded by Federal land under the management and supervision of the Bureau of Land Manage-
ment, al1 deveiopment for the subdivision with the exception of the sewer lagoon system and
the solid waste disposal area will be within the square mile of the school section.

2.5 LAND USE

2.5.1 Land resources

Garfield County [13,430 km2 (5]85 sq miles)] is the fifth largest county in Utah. Approx'imately
89% of the land (including national parks, forests, recreation areas, and resource lands) is
in the pubiic domain. The U.S. Bureau of Land Management (BLM) manages surface and mineral
rights on approx'imately 6.9 x lOs ha ('1.71 x '105 acies),5i% of the lotal area of Garfield
County (ER, Table 2.2-4). These lands are used for recreation, mineral development, 'livestock
grazing, and resource protection as part of BLM's multip'le-use responsibilities (ER, p.2-22,
and ref. 3). 

,

The remainder of the'land in Garfield County is owned by the State (7%), by county and local
governments (0.0.I%), and by private individua]s (4%). Utah holdings consist of park and
recreation 'lands and school sections. Private ownership, primarily 'in agricu'ltural 1and,
generally is concentrated in the vicinity of Loa, Bicknell, and Torrey about l13 km (70 miles)
northwest of the site, althouqh some ranches and farms are scattered across the county (ER,
p. 2-23). 

l
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?.5.1 .1 Mi l l ownershi p

The facility site js located on mill site claims. The major land uses within a l6-km (10-mi1e)
radius of the site are livestock grazing and recreation, including the Glen Canyon National
Recreation Area and Lake Powell.

2.5.1.2 Farmlands

Vegetation in the area of the Shootering Canyon Uran'ium Project is exclusively native,
uncultivated, and generally sparse. Studies conducted by the BLM indicate that the grazing
potential of the project area ranges from about 0.0.l4 to 0.03 animal unit months per acre;3
therefore, if a 7.S-month grazing season per yealis assumed, i01 to 217 ha (250 to 536 acres)
of land are required to support one cow with calf for one year.

2.5..l.3 Urban areas

There are no urban areas within i00 km (60 miles) of the proposed site.

2.5.2 Historical, scenic, and archaeological resources

2.5.2.1 Historical sites

There are no historical sites on or adjacent to the project site. As of November 1978, the
closest historic site listed in the "National Reqister of Historic Places" is the Starr
Ranch, located about 13 km (B miles) north of the site at the base of Mount Hillers. Land-
marks of southeastern Utah included in the "National Reqister" are summarized in Table 2.7.

2.5.2.2 Scenic areas

Southeastern Utah is known folits unusual scenic qualities, in particular the abundance of
massive stone arches and other outstanding rock formations. The general area features a
un'iquely rugged terrain with wide vistas, badlands, and steep canyons.

Canyonlands National Park is an area of unusual and interesting geologic formations, and the
Glen Canyon National Recreation Area offers opportunities for water sports on Lake Powell.
a man-made lake on the Colorado River. Capitol Reef National Park contains numerous coloiful
stone formations. At National Bridges National Monument, rock arches span deep canyons,
forming the largest natural bridges in the world. These and other natural and scenic landmarks
draw visitors to southeastern Utah every year (Fig. 2..l). In addition, the area contains an
abundance of Indian ruins and petroglyphs.

2.5.2.3 Archaeological sites

The applicant contracted Archaeological-Environmental
Utah, to conduct an archaeological reconnaissance of
archaeological site, a lithic scatter about 400 m by
road through this site was rerouted to avoid most of
small area to be disturbed have been salvaged by the

2.6 WATER

2.6.1 Surface water

Research Corporation of Salt Lake City,
the site and vicinity. 0n1y one.l00 

m, was found. The proposed access
the I ithic remnants. Art'ifacts in the
State of Utah.

The proposed Shootering Canyon Uranium Project will be located in the B4-km2 (32-sq mile)
Shootering Creek drainage basin, in an area that has no nearby permanent bodies of water.
This basin is bounded by the Henry llountains on the north and east and the Hansen Creek
drainage basin on the west and south (Fig. l.l). All streams within the drainage basin
containing the facility site, including Lost Spring !'lash, Moki Creek, and Shootering Creek,
are intermittent, and the nearest large permanent water body is Lake Powell, approximately
l6 km (.l0 miles) south-southwest (ER, Sect. 2.6).



2-12

Table 2.7. Historic sites in southeastern ljtah
induded in the "National Register of

Historic Places"

Location

San Juan County

Blanding

35 miles southeast of Blanding

Southeast of Mexican Hat

25 miles southeast of Monticello

30 miles west of Monticello

Glen Canyon National Recreation Area

14 miles north of Monticello

Wayne County

Capital Reef National Park on Utah
Route 24

3 miles southeast of Bicknell

60 miles south of Green River, in
Canyonlands National Park

Green River vicinity

Gpital Reef National Park

Capital Reef National Park

Capital Reef National Park

Garfield County

40 miles south of Hanksville

South of Hanksville

Near Panquitch

Edge of Cedars Indian Ruin

Hovenweep National Monument

Poncho House

Alkali Ridge

Salt Creek Archaeological
District

Defiairce House'

lndian Creek State ParlC

l'

Fruita School House

Hans Peter Nielson Gristmill

Harvest Scene Pictograph

Horseshoe (Barrier) Canyon
Pictograph Panel

Gifford Barna

Lime Kiln'

Oyler TunneP

Starr Ranch
I

Susan's Shelter

Bryce Canyon Airport Hangar

aPending nominations to the "National Register of Historic Places."

Sources: U.S, Department of the Interior, "National Register of
Historic Pfaces," Fed. Regist. 41(28), Feb. 10, 1976, and subsequent

issues through 4312251, Nov. 21, 1978.

Although there are no USGS flow records for the ephemeral streams within the.basin, high runoff
in these streambeds has been observed following thunderstorms (ER, Sect. 2.6). For example,
an estimated 0.3-0.6 cm (0.'t3-0.25 in.) rainfall on the upper Hansen Creek dra'inage basin
resulted in a flash flood during which water levels in Hansen Creek rose to 0.6 m (2 ft) and
the measured flow velocity was 

.|.8 
m/sec (6 fps). Within 45 min, the stage had dropped con-

siderably, and flow velocity was reduced to 0.3 to 0.6 m/sec (l to 2 fps). Flow from this
thunderstorm also occurred in the upper portion of Shootering Creek, but, because of a porous
stream channel, the f'low had'infiltrated into the groundwater before reaching its confluence
with Hansen Creek. Thus, substantial surface flows can'occur in these stream beds in response
to the short, intense thunderstorms that are observed most frequent'ly in this region during
summer and early fal'1. These flows, however, are quickly dissipated, chiefly through percola-
tion into the underlying stream channel.
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2.6.1 .1 ltJater use

potable water is presently drawn from two sources near the proposed facility (ER, Sect' 2'6)'
Untreated water from;;ij"6-3 (Fig. l.l) is used as drinking water for the mining camp. This

*uif-ii prr,ped t hr/day at a rite"of 0.i m3/min (30 gpm). i!u. Spring, located approximatelv
is Ir igl4 miles) no.l"n or the site, is also used as-a potable water supply when treated with
iodine. In addit'ion, livestock and wildlife can utilize water from springs, seeps, and

intermittent surface flows in the vicinity of the site'

Lake Powell, to the south of the proposed facility, is a multipurpose reservoi.r. . Its uses

inliuae the-generation of hydroelbctric power, swimming, boating, fishing, and public water

supply.

2.6.1 .2 |^later qual i tY

Water quality parameters in Hansen and Shootering creeks were measured for surface flows that
followed summei^ "ainsiorms. 

(See FiS.l.l for locations of sampling sites') -These 
flows

r,"..-qrit"-lrruia (greater than 
.l50 itu) anO contained large concentrations of both suspended

and d.issolved solids (iuUfu i.gl. Concentrations of total dissolved solids in these samples

iing;a irom 900 to 5ggt mg/liter, while total suspended solids concentrations of 48'000 to
SgO,OOO mg/liter give evidence oi the highly erosive nature of these flash floods. The chemi-

iii'.orpoiition oi the three samples was-vaiiable, depending-on the products.of erosion in
that portion of the watershed which had received the rainfall (ER, Sect. 2.6). In all cases,

however, sodium and sulfate were the dominant ions (Table 2.8). These "mudflow" conditions
snown in Table 2.8 are not presumed to represent baseline water quality; further monitoring
reou i rements are di scussed in Sect. 6.3..l .

Streams in the vicinity of the project site have been categorized as Class C waters by the
Utah Water Pol'lution Committee ind-the Utah Water Pollution Control Board. Waters in this
category are to Oe protected against controllable pollution so as to be suitable, aftdr treat-
mentl t6r domestic water supplies. In addition, Class C waters should be suitable without
treatment for irrigation, slbck watering, recreation (except swimming), and the_propagation
and perpetuation oi fish, other aquatic-1ife, and wildlife.s Maximum permissible concentrations
of viribus chemical consiituents such as sulfates, iron, manganese, and total dissolved
solids, however, were exceeded in these samples (ER' Table 2.6-5)'

Surface and bottom water samples from the Hansen Creek arm of Lake Powell were also analyzed

on a s.ingle date.in .l977 (Table 2.8 and Fig. l.l). The dominant ions in this case were sodium,

calcium, and sulfate. Laie Powell waters are designated as Class CIJR by the aforementioned
Uiaf itite agencies (ER, Sect. 2.6). With the exception-of more stringent bacterial and recrea-
tion critelii, standardi for Class CWR waters are equivalent to those for C'lass C waters.s
Based on the two samples taken, Lake Powell water generally fa11s within the criteria established
for this category (ER, Table 2.6-5).

2.6.2 Groundwater

Groundwater is an important potential source of water supply in the vicinity of the site
because there are few surface water sources. The primary aquifers in the area are the Entracla

and Navajo sandstones (see Sect. 2.7.1.?). These aquifers receive most of their recharge
from areis of high elevation, and some natural discharge occurs as springs. Groundwater
supplies in the irea, howevei, have not been significantly developed bec9q99,of a.lack of
,tbis. Groundwater irom springs in the area is used by livestock and wildlife while several
we11s provide potable and industrial water for existing mining act'ivities.

Hydrogeologic characteristics of the underlying formations were determined from pumping

tLsts-conducted near the plant site. Groundwater in the Entrada Sandstone was found to occur
under confined conditions primarily because of the presence of thin impermeable units (e.g',
siltstone or claystone) within the sandstone. The depth to water averaged about 64 m

(210 ft) in the iest wells, and the hydraulic gradient was to the south at approximately
).2 m/fn (.130 ft per mile). As determined from the pump test, permeability averaged
2.64 x l0js cm/sec; however, considerable variation (l x l0-'+ to 6.5 x l0-/ cm/sec) was

observed during deiailed evaluation by packer tests (ER, p. 2-103). Transmissivity was cal-
culated to be 425 m3/day per meter (130 gpd per foot). Both the low permeability and trans-
missivity values indr'cate that the Entrada would be expected to be a 1ow-yielding aquifer in
this area.



Table 2.8. Surface water quality at selected locations in the vicinity of the proposed Shootering Canyon Uranium project

Parameted
Hansen Creek

s.1

7 tl9/77

Shootering
Creek

J-Z
7 t19t77

Shootering
Creek
c-?

8t20t77

Lake Powell

surface
s.4

8t19t77

Lake Powell

subsurface
J-q

8t19t77

General characteristics and constituents
pH, units 6.9
Oxidation reduction potential,b mv +l0O
Specificconductance,pmhos/cm 5500
Total dissolved solids 5391
Total suspended solids - 592,900

Turbidity, JTU >t 50
Calculated alkalinity (as CaCOg) g0g

Calculated hardness (as CaCOg) 2068
Oil and grease 188
COD 304

Major ions
Calcium 149
Magnesium 4Oz
Sodium 1i50
Potassium 45
lron 1,97

Manganese 3.s
Bicarbonate 995
Carbonate O

Sulfate 3494
Chloride ' 48

Fluoride 0,3
Boron O,2

Nutrients

0.2
'11.7

0.1

1.0

0.82

2.4
<0.01
<0.01
0.06
0.001

0.8
<0.001
0.01
0.005
0.019

6.9
+120
3500
31 80
561,800

>150
627

1657
t3'l
104

2no

202
325
39
0.67

q.o

/oc
0
2041
19

0.1 5
0.2

?A

<0.'l
u.o

0.1
??

0.25

3.0
0.01

0.01
1.4

0.001

0.6
0.001
0.01

0.001
0.017

o.Y

12?o
900
48,490

>150
146
otv

403

100
6.2
139
30
22.0

174
0
457
o-l

1.O2

0.2

0.8
0.1

4.5
0.2
9.4
1.10

50
<0.01
0.07
o.o

0.04

0.43
<0.001
0.10
U.UOO

0.1 8

8.4
130
870
589

l5
0.8
119
288

7.4

65
29
6Z

J.q

0.02

<0.001
143
1.4
315
oz

0.3

0.5
0.1
u.o
0.1

0.10
0.10

I

<0.01
<0.01
0.5
<0.001

0.22
<0.001
<0.01
0.003
0.002

7.9
?tou
830
573
7

12

tJo

zJc

3.8

OY

27
74

3.1
0.05

0.002
too
0
237

0.48
n?

0.1

0.9
<0.01
0.10
0.10

2

<0.01
<0.01
0.5
<0.001

U.Jd

<0.001
0.01
0.003
0.005

n\)
I

5

Total phosphate (as P)

Orthophosphate (as P)

Nitrate (as Nl
Nitrite (as N)

Kjeldahl nitrogen
Ammonia (as N)

Trace metals and toxic materials
Alum inum
Antimony
Arsen ic
Barium
Beryllium

Bromide
Cadmium
Cobalt
Chromium
Copper



Table 2.8 (continued)

Parametera

Hansen Creek
J-l

7119117

Shooter i ng

Creek

7119177

Shootering
Creek

s-3
8/20/17

Lake Powell

surface

s-4
at19t77

Lake Powell

su bsurface

s-4
8/19/7 7

Cyan ide

lod ide

Leao

Mercu ry
Molybdenum

N ickel

Selen iu m

Silve r

Stron tium
Tin

Titan iu m

Vanad ium

Zinc

Radiological trace elements

Total uranium (t:g/l iter)c

Total uranium lpglliter ! old
Total uranium (gglliter 1 o)e

tJ-234 Utglliter ! ale
lJ-235 lttg/liter ! o)e

U-238 (pglliter 1 o)e

Ra-226 (pCi/liter t o)/
Ba'228 lpCilliter ! olr
8-222 lpCilliter ! o)f
Th'230 (PCi/liter 1 o)f

Th'232 (pCi/liter I o)r
Grossa(pCi/literto)r
GrossB (pCi/liter t o)r

Bacteria {colonies per 100 ml)
Total coliforms
Fecal coliforms
Fp.2l (fto^i^.^..i

<0.1
Q.75

<0.001
0.0007
0.002

0.03
0.03
<0.01
15.6

5

0.08
0.03
o.o4

71

22!5
29.3 ! 1.4

0.00351 1 0.00018
0.209 I 0.011

29.1 ! 1.4

0.4 10.1

014
145!7
0 t 0.1

01 0.1

01 13

82t 10

530

<0.1
1.00

0.001
0.0008
0.002

o.02
0.03
0.01
24.1

5

0.03
0.02
0.05

63
131 5
12.1 10.6
0.00'126 r 0.00007
0.085 r 0.004

12.0 r 0.6
0.5 I 0.1

o!2
108 I 5
0.2 r 0.1

0 r 0.1
0111
84 18

1 070

0.07
0.020
0.0007
0.002

o.12
<0.01
<0.01
10.3
5

<0.01
0.4 5

0.35

46
12!6
7.4 t O.4

0.00060 1 0.00003
0.0521 I 0.0026

7.3 ! 0.4
0 r 0.05
0l'1
42!4
0.3 t 0.1

0r0.1
4!2
27 !3

41 00
3700
6700

0.46
<0.001
0.000s
0.002

<0.01
<0.0'l
<0.01
0.6
2

0.01
0.01

<0.01

6
<5
5.43 ! O.27

0.00046 r 0.00003
0.0395 1 0.0020

5.39 ! 0.27
0.08 I 0.04
0r'l
0!2
0 r 0.06

0 1 0.05
0r3
13!2

<1
<1
<1

0.53
<0.001
0.0006
0.002

<0.01
<0.01
<0.01
0.6
3

0.01

0.02

0.01

6

<5
4.69 1 0.23
0.00039 1 0.00002
0.0335 t 0.0016

4.66 I 0.23
0 1 0.04
011
o!2
0 r 0.07

0 r 0.07
7 !:2
19 r 3

<1
<,1

<1

N
I

q

aValues expressed as miltigrams per liter unless otherwise stated. Analyses conducted by Controls for Environmental Pollution, lnc. (CEP), Santa Fe,

New Mexico.
b Field .easu r".ent by Woodward-ClVde Consu I tants.
cAs determined by CEP using atomic absorption spectroscopy.
dAs determined by LFE Corporation, Richmond, California, using fluorometric techniques.
eAs determined by LFE using mass spectrometry.
rAnalvsis conducted bv LFE



Carmel formations during pumping of the Navajo sandstone.aquifer (ER, p. C2-61). Depth to
water in the Navajo averaged approximately 140 m (450 ft) and is confined under artesian
conditions. The hydraulic aradient is to the south at approximately l2 m/km (65 ftlmile), and
discharge from this-aquifer is into Lake Powell. As determined from the pump test, per-
meability averaged 1.12 x l0-3.cm/sec, and transmissivity was calcu1ated to be 62,i3b m3/day
per meter (]9'000 gpd per foot). These values indicate that the Navajo Sandstone is a much-
higher-yielding aquifer than the Entrada Sandstone.

Groundwater quality in the area was determined by sampling and analyses from springs and wel'lsin the area. Locations of these,sources are shown in Fig. l.i, and the resulti of-the
analyses are presented'in Table 2.9. Although water from the springs is generally suitable
for both livestock and drinking water purposes, selenium concentrations eiceeded the recon-
mended limits for both of these uses at Star Spring (G-l) and Lost Spring (G-5). At Ant Knolls
Spring (G-6), thg concentrations of iron and manganese were present in aiounts'greater than
those recommended for public water supply, and the mercury concentration lvas greater than that
reconrnended for livestock waters. Well G-2'is compieted in the Entrada Sandstone, and
water from this we1l exceeds the drinking water standards for tota'l dissolved solids, iron,
and sulfate. The Navajo Sandstone is the soirce of water for Well G-3 and water from this-
well meets both livestock and drinking water standards.

2.7 GEOLOGY, MINERAL RESOURCES, AND SEISMICITY

2.7 .l Geol ogy

2.7 .1 .l Regional geol oqy

The proposed project site is'located within the Canyonlands section of the Colorado Plateau
physiographic province in southeastern Utah.g In this area, thousands of feet of pre-Tertiary
sedimentary rocks have been uplifted and moderately deformed resulting in numerous'local
structures such_as upwarps, monoclines, and basins. Additionaliy, igneous intrusions have
produced several domal uplifts in the region. Subsequent erosion hai removed most of the
post-Jurassic rocks leaving a landscape characterized by deep canyons, mesas, and buttes.

As shown in Fig. 2.2, the site is 'located within the Henry Mountains Basin, which is bounded
on the.west by the Waterpocket Fold (monoc'line) and on_the east by the Monument Upwarp.
Elevations within the basin range from .1200 to 2.|00 m (4000 to 70b0 ft). The Heni^y Mbuntains,
which include Mt. Ellsworth (Fig, 2.2), are located within the basin. 

'Major 
pgaks-rise lZ00 

-

to 1500 m (4000 to 5000 ft) above the surrounding basin.

?.7 .1 .2 Si te geol ogy

The site for the proposed project is.located in an area characterized by buttes, mesas, and
canyons,-approximately 8 km (5 miles) southwest of Mt. Ellsworth (Fig. i.1). The project
area includes alow mesa on which the proposed mill will be located and a small driinige
basin, which will contain the proposed tailings impoundment. To the west, a tall butte
geparates the s'ite from Shootering Canyon. Drainage from the site is to the southwest into
Shootering Creek. Local re'lief in the area ranges-fron 60 to 150 m (200 to 500 ft).
In this.area, the geologic structure is relatively simple with the various sedimentary forma-
tions di.pping gently (approximately 2') to the west. Sedimentary rocks exposed at thl surface
are predominantly sandstones of Upper Jumasic age. The high buttes and mbsas west and northof the site are capped by the Salt Wash Member of the Morriion Formation (ER, p. Z-50). This
sandstone unit contains the uranium deposits that are mined in the area. 'fxioied cljifs
surrounding the buttes and mesas are generally comprised of the Summerville ind Entrada sand-
stone formations. 

I

The.bedrock underl.ying the site is the Entrada Sandstone, a generally massive, fine-grained
sandstone cemented with ca1cite. In the vicinity of the site, the Entrada Sandstone-is
approximately .|40 

m (450 ft) thick (ER, p.2-62). Beneath the Entrada'lies the Carmel Forma-tion, a heterogeneous unit approximately 66 m (215 ft) thick composed of sandstone, siltstone,



Table 2.9. Grondwater quality at ielmted lo€tims in the vicinity of the proposed Shootering Canyon Uranium Proiecl

Parameted

Star

Spring
G,1

7 t20t7l

Camp
Well

8/19177

Camp
Well

8119/77

Lost
Spring
c-5

1120177

Ant Knolls
Spring

G-6

8119/7 7

Seep Along
Shootering Creek

G-4
7 /19/77

General constituents
pH, units
Oxidation reduction potential,o mV
Specif ic conductance, pmhos/cm
Total dissolved solids
Total suspended solids
Turbidity, JTU
Calculated alkalinity (as CaCO3)
Calculated hardness (as CaCO3)

Oi I and grease

coD

Major ions

Calcium
Magnesi u m

Sodium
Potassium

lr on

Manganese

Bicarbonate

Carbonate
Su lfate
Chloride

F lu oride
Boron

Nutrients
Total phosphate (as P)

Orthophosphate (as P)

Nitrate (as N)
Nitrite (as N)

Kjeldahl nitrogen
Ammonia (as N)

Trace metals and toxic materials

Aluminum
Antimony
Arsenic
Barium
Beryllium

Bromide
Cadmium
Cobalt

7.8

300
194
<1
3.8
'l 11

144
29
48

44

6.5
6.9
o.4
0. 13

0.009
tJo

0

2.2

0.1 8
o.?

0.4
<0.1
0.2
<0.1
1.1

0.07

<0.1
<0.01
<0.01
<0.1
0.001

0.1

<0.001
<0.01

8.2
+170
900
648
10
3.0
tco
156

27

26

20
150
6F

0.85

0.004
190

0
310
11

0.53
0.5

o.4
0.1 .

1.8
0.1
0.38
0.1 1

1

<0.01
<0.01
0.5
<0.001

o.32
<0.001
<0.01

8.1
+175
530

8
0.65
153
128

12

19

18
59
a.z

0.1 5

0.002
187

0
99
7.1

0.45
o.2

0.5
<0.1
t.5
<0.1
1.08
0.10

0.8
<0.01
<0.01
0.5
<0.001

0.25
<0.001
<0.01

7.5

4000
3486
3054
>150
118
1243
10
124

320
77

708

19.9

0.82
't44

0
2377
26

o.44
o.2

0.8
<0.1
1.8
<0.1

<0.01

14.7
<0.01
<0.01
o.2
0.003

0.9
<0.001
0.01

8.0

250
142
7

8.0
99
109
45

u

ZJ

12

7

2.1

0.03

0.010
121

0
't 

1

3.6

0.09
0.3

0.6
<0.1
0.6
<0.1
6.0
0.22

o.2
<0.0r
0.0'l
0.3

0.001

0.3
<0.001
<0.01

7.9
+95
365b

195
317

4.Q

69

19
4.8
o.82

0.1 36

238
0

12

1.31

0.3

0.7
0.2
2.1
<0.1
2.4
0.25

10

<0.0
0.04
o.7
<0.001

0.88
<0.00
<0.01

N
I

!



Table 2.9 {ontinued}

Parameted

Star

Spring
c.1

7 t20t77

Camp
Well
G-2

8/19n7

Camp
Well

8t19177

Lost
Spring
G.5

7120177

Ant Knolls
Spring
u-o

8t19t77

Seep Along
Shootering Creek

7119177

Chromium
Copper

Cyanide

lodide
Lead
Mercury
Molybdenum

Nickel
Selenium

Silver
Strontium
Tin

Titanium
Vanadium
Zinc

Radiological trace elements
Total uranium (gglliter)c
Total uranium lpgllitet ! old
Total uranium (lg/liter t ole
Uranium-234 (pglliter I o)o
Uranium-235 (gglliter 1 ole

U-238 (pglliter 1 o)e
Ra-226 (pCi/liter t olf
Ra-228 (pCi/liter t o)r
R-222 lpCilliter t olt
Th-230 (pCi/liter t o)t

Th-232 lpCilliter ! olr
Grossc (pCi/litert olr
Gross0 (pCi/litert o)f

Bacteria (colonies per 100 ml)
Total coliforms
Fecal coliforms
Fecal streptococci

<0.001
0.003

<0.1
0.67

0.003
<0.0004
0.001

<0.01
0.06
<0.01
0.34
1

0.03
0.01
4.4

o

<6
0.27 1 0.013
0.00002 r 0.00001
0.00192 r 0.00m9

0.m8 r 0.013
0 r 0.03
0t I
Aa+a
0t0.1
010.1
0t3
0i4

<1

0.003
0.003

0.43
<0.001
0.0012
0.002

<0.01
<0.01
<0.01
t.J
I

0.01

0.01
0.07

13
14+5
17.9 t 0.9
0.00147 r 0.00008
0.1 26 r 0.m6
'| 7.8 t 0.9
0.16 t 0.04
o!2
102 i 5
0.14 t 0.06

0.1 5 J 0.06
814
16 l3

<1
<1
<1

0.003
0.006 .

0.s1

<0.001
0.0005
0.002

<0.01
<0.01
<0.01
0.9
2

0.02
o.o2
o.21

o

8+5
7.8 r 0.4
0.001 00 1 0.00006
0.0546 r 0.0027

7.7 ! O.4

0.09 1 0.04
0r 1

106r5
0.1 1 t 0.06

0.21 10.07
5!2
161 3

<1
<1

0.0&
o.o27

<0.1
0.17
0.003
<0.000
0.001

0.02
<0.01
<0.01
o.o
<1

0.09
0.01
0.07

I
10r5
8.510.4
0.0m62 r 0.00005
0.061 r 0.003

8.4 10.4
0.08 t 0.03
0J 1

350 r 20
0 t 0.1

010.1
n+a
62!7

<1

0.001
<0.001

<0.1
o:24
<0.001
<0.0004
0.001

<0.01
0.13
<0.01
u. /o
<,|

0.04
o.o2
<0.01

1l
<6
1.70 I 0.08
0.00014 r 0.00002
0.01 20 r 0.0006

1.69 r 0.08
0.17 I 0.03
n+ I
36!2
0.2 I 0.1

0t 0.1
0r3
014

<1

0.003
0.006

U.JO

0.002
0.0017
0.003

<0.01
<0.01
<0.01
0.9
1

0.04
0.08
0.02

2
<5
3.01 r 0.15
0.0002s r 0.00001
0.0216 + 0.001 1

2.99 r 0.15
0.13 t 0.04
0t 1

40!2
0 r 0.06

0 J 0.05
0t3
16r2

<1
<1
<1

to
I

tValues expressed as milligrams per liter unless otherwise stated. Analyses conducted by Controls for Environmental Pollution, Inc. (CEp), Santa Fe, New Mexico.
"Field measurement by Woodward.Clyde Consultants.
cAs determined by CEP using atomic absorption spectroscopy.
oAs determined by LFE Corporation, Richmond, California, using fluorometric techniques.
aAs determined by LFE using mass spectrometry.
'Analyses conducted by LFE.
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mudstone, limestone, and gypsum. The Carmel is underlain by the Navajo Formation, a massive
sandstone unit, which is about 240 m (800 ft) thick in the vicinity of the site. The base
of the Navajo is approximately 430 m (1400 ft) beneath the surface at the site (ER, p. C2-23).

2.7.2 Mineral resources

The development of mineral resources has been limited in the vicinity of the proposed project
site. Uranium and associated vanadium are the only minerals currently being extracted in
commercia'l quantities. The South Henry Mountains uranium area includes the Woodruff Springs,
Delmonte, and Shootering Canyon deposits.l0 Known uranium mineralization occurs in channe'l
sandstones within the Salt Wash Member of the Morrison Formation.s

Coal is present in the Cretaceous formations in the area. The Henry Mountains coa'l field has
known commercia] deposits in the Dakota Sandstone, the Ferron Sandstone, and the Emery Sand-
stone.r0 Because of erosion, these formations are not present in the immediate vic'inity of
the proposed site. Other known minera]s in the vicinity inc'lude copper, go'ld, and si'lver.
These minerals have been generally found in the Henry Mountains, but the quantities produced
have been insign'ificant. No petroleum is produced in the vicinity of the proposed project.

2.7.3 Seismicity

W'ithin a 320-km (200-mi'le) rad'ius of the proposed site, 112 earthquakes with an intensity
greater than V (Modified Mercalli) or a magnitude estimated or measured at greater than 3.5
(Richter) have occurred since 1853. The largest event had an epicenter about 177 km (110 miles)
northwest of the site and had a maximum intensity of VIII to IX and an estimated magnitude of
6.7.rr The event nearest the site had an epicenter in the Circle C'liffs uplift about 6l km
(38 miles) north of the proposed site. This earthquake, which occurred on September 30,.|963,
had a magnitude. of 4.5.

Based on the region's seismic history, the probability gI a major damaging earthquake occurring
at or near the site is remote. Algermissen and Perkinsrz indicate that there is a 90%
probability that a horizonta'l acceleration of 4% of gravity would not be exceeded in 50 years.
However, should such an acce'leration level occur, only minor damage would be expected.

2.8 S0ILS

Soils on the proposed site of the Shootering Canyon project are classified as either Entisols
or Aridiso'ls. The former order consists of soils having no pedogen'ic horizons; the latter
includes soi'ls with pedogenic horizons that are'low in organic matter and are never moist
for more than three consecutive months (ER, Sect. 2.4).

Little variation was observed in soi'l texture, color, and consistency throughout the site.
Tlie soils were generally sandy in texture, modified in some places by gravel or cobbles at
the surface. Both soil and sandstone rock outcrops were red in co1or. Soil consistency
was loose (noncoherent) in surface samples and loose or soft in deeper samples (ER, Sect.2.4).

The content of organic matter in all of the soil profiles on the site was extemely 'low, and
except for a greater bu'lk density with depth, horizon development was not generally apparent.
Because the soils are derived almost entirely from a s'ingle source (windblown dust and fine
sands), the soil grain size is qu'ite uniform, about l17 um (ER, Apprjndix B). All of the
surface soils in the vicinity of the facility site are highly susceptible to wind erosion.
Mounds of deposited sand were observed around the sparse clumps of vegetation. Although
sandy soils are usua'lIy-well'drai'ned, the lack of organic matter, sparse vegetat'ion cover,
and re1atively steep slopes over much of the area contribute greatly to the pote.ntial for
water erosion. Annual precipitation in the vicinity is normally 1ow [18 cm (7 in.)], but
maximum point precipitation could be as high as 8 cm (3.2 in.) in a 24-hr period occurring
every 100 years.

Five major soil mapping units were de'lineated on the proposed tailings impoundment and plant
site (Fig. 2.3). Deep sands on gentle slopes (4 to 10%) cover the majority (40%) of the
tailings impoundment site. Soi'l sampled in this mapping unit was more than 76 cm (30.in.)
deep and ranged in texture from sand to loamy-fine sand. According to the applicant,'except
for the very fine, sandy surface material, these soils constitute the best "topso'il" avail-
able on the proposed site for use in reclamatjon (ER, Sect. 2.4). Shallow to deep sand on
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gentle to moderate s'lopes ('10 to 30%) comprise about 30% of the tailings impoundment site.
These soi'ls were typically 15 to 30 cm (6 to 12 in.) deep, generqlly devoid of organic matter,
and cons'isted of very fine sand. Recent shifting of surface material was evident in several
areas. Sandstone rock outcrop occurs on about 15% of the tailings impoundment site, with
slopes ranging from l0 to 30%. Because of the exposed rock, precipitation runoff'leads to
erosion in areas downgrade and adjacent to the main drainage of th'is mapping un'it. The
rema'inder of the tailings impoundment site is covered by moderately steep to very steep (30
to 80%) talus slopes. These areas are present on the periphery of the impoundment as wel1
as the plant site. Soi'ls on these slopes are typically immature and very shallow. Soil over
most of the piant site consists of shaljow to deep sand. The nearly flat terrain of this
area has resulted in some of the soils extending below 

.|50 
cm (60 in.) near the center of the

site and to about 50 cm (20 in.) near the outer edges of the site. Cobbly or gravelly
material occurred on the surface of a'll of the sample sites in this mapping unit. The soils
were essentia'l1y devoid of organic content and showed little evidence of horizon development.

Soils in the vicinity of the site have not been surveyed by the Soil Conservation Service,
but in the opinion of the stqff, it is un'likely that any of the soijs would be classified )
as prime or unique farmland.I3

2.9 BIOTA

2.9.1 Temestrial

2.9.1.1 Flora

The limited vegetat'ion in the area may account for the relatively low diversity of wildlife
species observed by the appl'icant. tlildlife representative of the facility area are listed
in Tab'le 2.'10. Lack of any aquatic habitat in the inrnediate vicinity of the site precludes
the establishment of any significant amphibian populations.

Vegetation in the v'icinity of the facility site is very similar to that of the potential,l4
characterized as desert shrub and dominated by a blackblush/Mormon tea association. Plant
cover is sparse in the.area, ranging from about.l5 to 25% (ER, Tabie 2.8-l). Blackbrush
(Coleogyne ronosiasima), the dominant.species, accounts for about 25 to 65% of the total plant
cover. Mormon tea (nphedna tot'negana), the other major shrub species, comprised approximately
15 to 25% of the total cover. 0ther common associates'at the proposed site include smallhead
snakeweed (cutierreziamienoceplnla), the'indigobrush (Daleapo1,gadenia), and desert sage
(Saltia earnosa). Herbaceous vegetation at the site is especially sparse (..|% of ground
cover). Herbaceous species often form only a relatively small portion of ground cover in
southeastern Utah, but the drought conditions in the region prior to sampling may have further
reduced the abundance of this component of the plant community. 0f the herbaceous species
present in the project area (ER, Table E-]), galleta grass (uitaz"La j@nesii) is the most common.
This species is typical'ly associated with sandy soils and arid lands throughout the Four Corners
reg'i on .

Productivity in this ecosystem varies greatly from year to year, depending on the mojsture
supply. Productivity studies were not conducted at the site, but the Utah Division of Wild-
life Resources has estimated that on a regional level the total vegetative cover for desert
shrub vegetation consists of less than 10% browse species and less than l% grasses and
forbs (ER, Sect. 2.8). Forage production of these.plants is estimated to b4 340 kglha
(300 lb/acre) for browse species,60 kg/ha (55 lb/acre) for grass species, and 6 kg/ha
(5 lb/acre) for forbs.

0f the 65 proposed endangered plant species in Utah,ls only one is thought to be associated
with habitat and soil types in the vicinity of the facif ity site. Phaeelia matnnaT,ay"Lensis
has a documented distribution in Garfield County,'restricted to Tropic Shale, Dakota Sand-
stone, and Kaiparowatts formations.l6 Th'is endangered species was not observed during the
field surveys (ER, Sect. 2.8), and Fig. 2.4-2 of the ER, which depicts the geologic forma-
tions near the proposed facility, ind'icates that it'is unl'ike1y that this species occurs on
the site.

2.9.1 .2 Fauna
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Table 2.10, Wildlife species observed or expected to occur in the vicinity of dle sitea

Scientific name Common name observed Expected

Big game or large mammals
Odocoileus hemionus

Medium-sized mammals
Canis latrans
Lepus californicus
Sylvilagus auduboni
Tax idea taxus

Small mammals

Chiroptera
Dipodomys ordi
Neotoma lepida
Onychomys leucogaster

Peromysus crinitus
Peromyffus maniculatus
Perognathus parvus

Raptors
Aquila chrysaetos
Buteo jamaicensis

Cathartes aura
Falco mexicanus
Falco sparverius

Upland game birds
Zenaidura macroura
Columba fasciata

Perching birds
Eremophila alpestric
Lanius ludovicianus
Pet rochel idon pyrrh onota
Spizella breweri
Tyrannus verticalus
Crovus corax

Repti les

Cnemidophorus tigris
Phrynosoma danglasi
Uta stan*uriana

Mule deer

Coyote
Black-tailed jackrabbit

Desert cottontail
Badger

Bats

Ord's kangaroo rat
Desert woodrat
Northern grasshopper

mouse

Canyon mouse

Deer mouse

Great Basin pocket mouse

Golden eagle

Red-tailed hawk
Turkey vultu re

Prairie falcon
American kestrel

Mourning dove

Band-tailed pigeon

Horned lark
Loggerhead shrike
Cliff swallow
Brewer's sparrow
Western kingbird
Common raven

Western whiptail
Short-horned lizard

Side-blotched lizard
U

aThis list represents species that are most likely to occur in the facility area.
oObserved during July and October 1977 field surveys.
cSymbols representing anticipated relative abundance: common (C)-usually observed

daily, dominant species in the area; uncommon (U)-regularly seen but not on a daily
basis, not a dominant species; rare ( B)-only occasionally observed or captured.

Source: Modif ied from the ER. Table E-2.

Rodents, lagomorphs, and carnivores were the dominant mammalian species present at the site.
The most abundant rodent was Ord's kangaroo rat (ER, Table 2.8-2). The sandy soil on the
site is the preferred habitat of this burrowing species. The area is not considered to be
prime habitat for big game species, and no major populations of these animals are present
in the immediate vicinity of the site. l,lule deer (Odocoileus henionus), e1k (Certis c(madensis)
and bison \Bison bison) occur in the region, but they are generally associated with the pinyon-
juniper woodlands and coniferous forests at higher elevations in the mountains north of the
site (ER, Fig. 2.8-2). Some mule deer may occasionally enter the area during severe winters
or during the hunting season, but their normal winter and summer ranges are in the Henry
Mountains north of the sjte and at higher elevations to the west (ER, Fig. 2.8-?). The closest
critical winter range for mule deer in the region is approximately 48 km (30 miles) to the

UC

a

U

R

U

U

U
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northwest (ER, Sect. 2.8). Desert bighorn sheep (oe'is earwdensis) also.occur.in the reg'ion'
b;i;g g;r".;tiy confined to rugged teirain south of the Colorado River (ER, Fig. 2.8-2). A

smali 6opulati6n is1ocated noiln ot the river about 24 km ('|5 miles) southwest of the site.

0n'ly eight species of birds were observed at the site, four of which were raptors. . 0n1y one

nesi wai obsbrved; it was an active American Kestral nest, located on the south end of the
butte on the west side of the tailings 'impoundment site. A prairie falcon was observed about
3.2 km (2 miles) north.of the site during a reconnaissance survey in May 1977.

The western kingbird and horned lark were the only two songbirds observed during-field studies.
The mourning doie was observed on the site during July 1977 and is the only species.of qpland
qame bird that reqularly inhabits the area. The-Hunglrian partridge (eerdLn petdin) and blue
d"ort" (nendra4apis obeLu,us), other upland game birds,-can be found at some of the higher
6levatidns in ioltheastern Utah where forest and mountain brush vegetation provide adequate-
food and cover. These areas are located more than A km (5 miles) from the proposed plant ,site,
in the Henry Mountains or near the Colorado River. The proiect site is not located in any

of the majoi waterfow'l flyways. During the staff site visit in June 1978, two.mallards
UM;pita"hynehos) were'obierved in a stock_pond_located.about 8.km. (5 miles) south-southeast
;i ihipr;jeCi site. In add'ition, with Lake Pbwell 'located approximatelY'!6.ft (10 mjles)
to the iouih, 'it is conceivab'le that some waterfow'l may be seen in the vicinity during spring'
and fall migrations.

No endangered species of wild'l'ife were observed on the site.rT .The project sjte-is within the
range of-the bald eagle (Haliaeetue Leucocephalus) and the American peregl!19 falc_on (Falco
pey,Zq?Lnus arntun), 5ut ihe lack of aquat'if habitat indicates a 1ow probability_of these
ioecies occurrinq 6n the site. However, with the Co'lorado River and Lake Powel'l being located
about 16 km (10 frites) from the site, these species may be observed in the region during
migration periods.

2.g.2 Aquatic

As discussed in Sect. 2.6.1, there are no permanent streams or pools in the permit area that
Could hirbor aquat'ic organiims throughout the year. There are approximately_29_!* (.|5 miles)
of st""un' dra'iriage couries separatin! the prop6sed mill site from'Lake Powell (ER, Sect. 6.'l)
which, because oi'a porous substrate-and infrequent rainfall, only lPoradicallY.contajn water.
When watelis preseni in these stream channels, it is in the form of highly-turbid flash
floods followiirg rainstorms. Thus, the migration of fishes and other aquatic.organisms from
the lake to the-vicinity of the siie is prevented. Because of a lack of aquatic habitat in
the project area, the aiplicant conducted no sampling program for aquatic biota.

There are three endangered aquatic species found in Utah.17 The humpback chub_(eLlla cypha)
is found in widely se[arated'areas oi the Green and Colorado rivers, from the Grand Canyon

area northward to-the'vicinity of the Flam'ing Gorge Dam on the Utah-Wyoming border. Specimens

have not been collected from Lake Powell, and the closest collection is from Lee's Ferry,.
aorvnti""um from the Gien Cinyon Oam.e The Colorado River squawfish (e4chochei'Lue-Lucius) is
found in the middle and'lowei Green River, the main Colorado River above Lake Powell, and the
Salt R1ver. This species is adapted to life in turbid, swift, warm rivers and wi1l not repro-
duce in cold tailwaters below hibh dams or in the reservoirs, such as Lake Powell, behind
these dams.rB Final'ly, the woundfin (elagopterus argentisshmts) is an^endangered minnow that
is now be'lieved restriited to the Virgin River below Hurricane, Utah,r8 and, therefore, is not
found in Lake Powel] or the Colorado River.3

There are no threatened aquatic species listed for the State of Utah.17

2.IO NATURAL RADIATION ENVIRONMENT

Radiation exposure in the natural environment js due to cosmic and terrestrial radiation and

to the inhalhtion of radon and its daughters. Measurements of the background environmental
radioactivity at the proposed site have been initiated using thermolumjnescent dosimeters
(TLDs) (ER, -p. 2-167)'. Freliminary results indicate an average_tota'l-body dose of 82 milli-
rems iei y6ai^. The ilevation of shootering canyon (=1.4 km) allowed us to approximate the
cosmit raiiation contribution to be about 50 mill'irems per year with terrestrial radiation
adding 32 millirems. The cosmogenic radiation dose was estimated to be about I millirem per
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year. Terrestrjal radiation originates from the radionuclides potassium-40, rubidium-87, and
daughters from the decay of uranium-238, thorium-232, and, to a lesser extent, uranium-235.
The dose from ingested radionuclides was estimated to result in a dose of l8 millirems per
year to the total body.le The dose to the total body from all sources of environmental
radioactivity is estimated to be about l0l millirems per year based on the preliminary site
measuremenlS.

The concentration of radon in the area is estimated to be'in the range of 500-1000 pCi/m3,
based on the concentration of radium-226 in the local soil.le'20 Exposure to this concentra-
tion on a continuous basis would result in a dose of up to 625 millirems per year to the
bronchial epithelium.2t In unventilated enclosures, the comparable dose could reach 

.l200 milli-
rems per year,

The medical total-body dose for Utah is about 75 millirems per year per person.22 The totai
dose in the area of the proposed mill from natural background and medical exposure is estimated
to be .176 miIIirems Der vear.
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3. OPERATIONS

3. I MINING OPERATIONS

The applicant has conducted an extensive ore development program in the Shootering Canyon
area. Three ore bodies - the Lucky Strike 10 (an existing mine), the Tony M (a mine under
development), and an unnamed ore body to the northeast of the Tony M - have been identified
commercial deposits (Fig. 3..l). As of January l, 1978, the indicated and inferred reserves
these bodies exceeded 2500 MT (2800 tons) of U30s, sufficient for at least ten years of
production by the proposed mi11. The applicant expects that further exploration in and
around the ore bodies will reveal additional reserves (ER, p. 3-40).

The economically recoverable ore will vary in grade from 0.04% to 0.5% U30s with an estimated
average grade of 0..l0%.U308. Under present plans, ore of less than 0.04% U308 would not be
processed (ER, p. 3-43).

3..l..l Mining techniques

In the Shootering Canyon vicinity, uranium ore is found in the Salt Wash member of the
Morrison Formation. Typically, the Salt Wash sandstone in the area is overlain by approximately
30 to 244 m (.l00 to 800 ft) of non-ore-bearing sandstones. The type and the amount of this
overburden preclude economic extraction of the uranium ore except by underground mining
techniques. At many locations in the project vicinity, the Salt Wash sandstone is exposed on
the walls of the deep canyons dissecting the surface of the region. 0ver the past 30 years at
many exposed locations, horizontal drifts, or adits, have been driven directly into the ore
bodies from the canyon walls. This procedure will be continued for the Shootering Canyon
project. Borings to locate ore concentrations are drilled vertically from the surface througl'
the overburden and ore horizon. The deep canyons in the area provide drainage to adiacent
higher strata, and mines throughout much of the Salt Wash member will encounter little or
no groundwater (ER, p. 3-a3). Should small amounts of mine water be encountered, this seepage
would be used to wet mine haulageways or ore piles to limit dusting. If substantial quantities
are encountered, the water would be used in the milling process.l

Uranium ore mining for the Shootering Canyon project will be by conventional underground mining
techniques (face drilling and blasting, loading, and haulage). Existing or new adits from the
canyon walis will be used for access to the ore bodies, and drifts will be extended in the
direction of known ore bodies. Scanning of the rock at the face of the drifts will indicate
when ore-grade rock is encountered. Drift advancement will follow a regular sequence of
drilling, blasting, and mucking. Drifts will be about 3.4 m (ll ft) wide and 2.7 n (9 ft)
high. Tunnel structural stability in the drifts will be maintained by strategic placement
of rock bolts, steel sets, and wood supports.

Waste rock wil'l be segregated from ore-grade rock at the mine exit. Mining machines will
load, haul, and dump fractured rock from the advancing drifts. These machines wil'l de'liver
the rock to nearby loading stations, where it wi'll be transferred to ore "buggies," which
transport the rock to the surface. 0re-grade rock will be delivered directly to ore storage
bins located near the mine entrances. Waste rock will be delivered to established disposal
areas near the mine entrances, or possibly to the plant area, for use in.the construction of
the tailings impoundment dam (ER, p. 3-47).

Mining will be performed on a schedule of two l0-hr shifts per day, four days per week. Ore
produition is expected to average about 600 MT (660 tons) per shift, or about 2.4 MT (2.7 x lOs
gross tons) per year. The ore will be transported to the mill in dump trucks of 30-ton capacity.
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Fig.
Source:

3..|. Property holdings of Plateau Resources Ltd. in the Utah Shootering Canyon area.
ER, Fig. 3.6-1
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Some ore for processing will be supplieci from the Plateau Resources, Ltd., ore buying station
near Blanding, Utah, w[ich buys and stores uranium ore produced by independent m'ines (Fig. 2..l).
By April tSZS the applicant hld established purchase agreements with l2 mine operators. The

purchased ore is primarily quartzose sandstone containing between 0.05% and 
.l.0% 

uranium

io.+s to 9.1 kg (i.o to 2-0.0 lb) uranium as U30s per ton of orel.

Construction of the ore buying station began in March 
.l977, 

and operations began in August 197,.
Ore purchases have averaged approximately 1800 MT (2000 tons).per month with an average uranium
content of 0.ll%. The applicant expects to stockpile ore until about 0ctober .l979 

when transfer
of ore to the proposed Shootering Canyon uranium processing facility will commence. At that
t.ime about 52,000 f,4T (57,000 tons) of ore will be stored at the ore buying station.

It is expected that a maximum of 4380 !1T (4830 tons) of ore per month would be transferred to
the proposed uranium processing facility, and the staff assumes that lB00 ['lT (2000 tons) per

month would continue to be purchased. In that case the stockpile at the ore buying station
would be depleted by late tggt; ttre ore buying station itself would either become a purchase

and transfer faciliiy [.l800 l'4T (2000 tons) per month] with a minimum ore stockpile or be

closed and the site reclaimed.

3.1,2 14ine waste disPosal

l,Jaste rock from the mines will be added to the existing talus slopes and waste rock now piled
against the bottom of the Canyon walls. Ore buggies hauling waste rock from the mines will
dimp the rock from the mjne access roads and from the level areas constructed at the mine

entrances. The waste rock will assume its natural angle of repose as it is dumped. Appearance

of the waste rock piles will be similar to the appearance of the numerous natural talus slopes
now bordering the floor of Shootering Canyon and other canyons in the vicinity. The quantity
of waste rock from the mining operations is estimated to be in the ratio of l:l' waste rock to
economically recoverable ore. 0n an annual basis, the waste^rock quantity will be about
2.4 x l0s l"li (2.7 x l0s tons), or .l.9 x l0s m3 (2.5 x lOs yd3). The area adjacent to the Tony

l"l mine entry has an estimated capacity of approximately 2.3 x .106 to 2.7 x 106 MT (2.5 x ]06
to 3 x ]06 ions) of waste rock over the life of the project. Waste rock dumps will be located
in areas that minimize their apparent size and their environmental and visual impacts. Dumping

will be controlled to prevent obstruction to roads and drainage channels on the floor of the
canyons (ER, p. 3-48). All mine waste dump and reclamation activities 1it] O9 performed in
acc"ordance wi ih the State of Utah l''l ined Land Recl amati on Act of .l97{and the Utah Sol i d Waste

Di sposal Regul ations

3,2 THE M]LL

The proposed Shootering Canyon Uranium Proiect is designed to process_about 2.48 x l0s MT

(2.74 x lgs tons) of ore per year. A process design rate of 717 MI (790 tons) per day has

:een used for the plant to allow for planned and nonscheduled shutdowns'

From previous exploration and mine development work, the overall average ore grade is estimated
to be 0..10% U308. Because considerable grade variation may be encountered throughout the life
cf the project, the mill design will allow efficient recovery of uranium from ores of as

lit11e is O.OZZ (average grade) U3Os. At this minimum average gracie, the mill is estimated to
have an overall recoveiy of 90%. 

-The recovery is expected to increase slightly at higher
i..J giua.t. Based onbOZ recovery, 0..l0% U3bB ore grade, and the averag,e daily 680-MT (750-ton)
proceising rate, the proposed mill-will produce about 6.14 kS (.l350 lb) of U306 per day and a

total of 224 l4I (247 tons) per year'

The mill would utilize the conventional acid leach-solvent extraction process for uranium
recovery. A general description of the mi11 process is given in Sect. 3.2.2.

3.2..l External appearance of the mill

The plot plan of the proposed Shootering Canyon Uranium Project is shown in Fig. 3.2 and an

artist's rendition of thb mill in Fig. 3.3. The mill design features a compact layout that
offers economic and efficient construction and operation. Auxil iary buildings and facil ities
are located around the perimeter of the mill site to yield a well-integrated complex. Within
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the mill-area, a1l process equipment will be housed or covered, except for the countercurrent
decantation tanks, the clarifier, and the leach solution filters.
The earth-tone color of.the building exteriors will blend with the high cliff to the west,
which will form the background to the plant as seen from State Highway nA. A short stretchof that highway' about 3 km (2.mi1es) northeast of the site, provides-the only availablepuflig view of the plant-site (except from the air). From the highway, the only signs ofactivity at the p'lant will be vehicular movements

No plumes of smoke or dust will_mark.the plant location. One stack rising about 30 m (.100 ft)
and several other stacks 24 to_27 m (80 to 90 ft) above plant grade will iot appear in
silhouette from the highway. The largest buiiding.in thb compTex will be aUoui'+g by 55 m(.|40 by fq0 It.) in plan dimensions and about 1.8 m-(60.ft) higir. Other smaller struciures,.
associated with the ore.crushing, storage, and conveying'sysiems, will have maximum heighii of
18 to 2l m (60 to 70 ft) above the geneial level of ihe-plint site.

3.2.2 The mill circuit

The proposed Shootering Canyon mill will use a conventional acid leach-solvent extraction
process to recover uran'ium. Figure 3.4 depicts the steps in the proposed process. Each ofthe major steps (ore storage, crushing and grinding, leaching, soiveit extraction, counter-current decantation, product precipitation, and product drying) is discussed in the remainderof this section.
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3.2.2.1 Ore stockP iI e

Ore from the mine will be hauled by truck to the p1ant, an approximate distance of 5'6 km

(3.5 miles). The ore.orfO-Uu-J.posited on the crusher patio.or dumped and fed directly
to the ore crushing tvii.rn. 

-o". tuy be stockpiled-on the patio north of the priqary crusher;

the appl.icant estimatti-ii'at the paiio storagb will average^approximately 9 x .103 
MT (l x l0a

tons), although.upu.ily will exiit for storing up to 9 x-.10'* MT (1 x-10s tons)' During

operations, the stockpii.;iil-6e-ivailable on'the patio as back-up plant feed in case the

mine cannot deliver olu io the plant for any reason. Ore deposited on the patio will be

picked up by a front-end loader and fed to ihe ore crushins tv:lti.^1:^::qyl::d'" 91" 
ottivered

irom the'Blinding ore buying station will be fed directly to the process (frg' J'4)'

3.?.2.2 Ore crushing and grinding

The uranium in the project area is deposited as thin coatings and pore fillings between grains

of sandstone. ro ensuie-that uranium minerals are removed effectively from these.grains, mined

ore must f.irst be reduced in size to fine particles by crushing and gri.nding so that a large

surface area .ir .rpotuJ-io the acid leach solution. Ore will be loaded into a receiving
fropper consisting bt in up.on feeder and.a stationary grizzly, which will split the feed

i.l[-pr;;;r; miius zlo-ch (a-in.) fractions. 0verslzed material +7.6 cm (+3 in.) will be

feJ tb a jaw crusher. Nateiial pissing the stationary grizzly will be transported by

.onu.voi 6.ft to a vibrating screen wiln t.9-cm (0.75-in.) openings. The elevating conveyor

U.1t *i11 be equipped with i metal detector and an electromagnet to remove any-tramp iron from

the ore so that equipment is protected from metallic mine trash. Material retained on the

uiu.iting screen riitt ue fed to a secondary crusher, where it.will be further reduced in
size and then returned to the screen by conveyor be1t. Material passing through the screen

will discharge onto i.onu.yo" belt and be deiivered to the fine-ore storage bins (Fig. 3.2).

The jaw crusher is designed to process 9l MT (.l00 tons) of ore_per hour and the secondary

."rsi.. to process:Z-f'li (lS tons) of ore per hour. For normal operations, crushers will be

operated for two 8-hr shiits per day, five days per week. The crushing schedule will be

viried as required to accommodate changes in actual plant operations.

Ore will be fed from the fine-ore storage bins to a rod mill (Fig. 3.4) at a regulated
iv.rag. rate of about 28 MT (3] tons) per hour. The rod mill is expected to operate con-
iinroitfy. Water will be added to the ore to produce a slury containing approximately 70%

sol.ids. As the mill rotates, steel rods will reduce the ore to sand-sized particles. The

slurry will flow by gravity from the rod mill to a sump and from there be pumped to the

leaching circuit.

3.2.2.3 Leachi ng

The leaching circuit will dissolve most of the uranium minerals from the sandstone grains.--
Leach.ing wiit Oe conducted in wood-stave tanks with a solution of sulfuric acid and controlled
amounts of sodium chlorate. A two-stage leaching circuit, with a decant thickener between

the leaching stages, is planned. The ore slumy from the grinding mill wili be pumped to
the first-siage ieach (three tanks in series), where it will be contacted and agitated with
a strong acid"leach so'iution. Following the first-stage 1each, the slurry will be transferred
to the decant thickener, and the overflow liquor containing dissolved uranium will be advanced

to the solvent extraction step discussed below. The thickened solids are advanced to the
second-stage leaching circuit (four tanks) where further leaching is accomplished-by the
add.ition oi sulfuric"acid [82 kg (180 lb) per metric ton (ton) of ore] with.a small amount

oi-o*iJuni [(iod'ium chloraie, average rate 0.85 kg (.l.7 1b) per metric ton (ton) of ore]. The

i"cona-stagE leaching tanks will be-operated in series, making the mean-residence time of the
slurry in ine system about l6 hr. D'ischarge from the-leach circuit wil'l be a slurry consisting
of the solids and a solution of uranium in dilute sulfuric acid.

3.2.2.4 Countercurrent decantation thickening

The slurry will be transferred to the first of a senies of six countercurrent decantation
tanks (kn'own as "thickeners"), which make up the countercurrent decantation washing circuit..
The solids that settle to the bottom of the first thickener will be transferred to the second
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thickener, and so on until they are discharged from the bottom of the sixth thickener to the
tailings impoundment. Acidic wash water will be added to the sixth thickener, and the
overflow "clear" liquid will be advanced to the fifth thickener, then successively to the
first thickener. This countercurrent flow of liquid and solids washes the residua'l disso'lved
uranium compounds from the so1ids. The liquid overflow from the first thickener is collected
and pumped to the first-stage leach. A long-chain polymer (flocculant) will be added to each
thickener feed to increase the settlinq rate of the solids.

3.2.2.5 Solvent extraction feed preparation

The pregnant acid solution decanted from the thickener following the first-stage'leach wiil
be transferred to a clarifier. The applicant estimates that this'liquid wil'l contajn approxi-
mately 200 ppm solids. The clarified liquid, containing about 50 ppm so'l'ids, will be pumped
.through sand filters to a storage tank from which the solvent extraction circuit is fed. The
filtered'liquid is expected to contain'less than 10 ppm solids, which is low enough to prevent
stab'le emulsion formation in.the solvent extraction circuit. Settled solids from the clarifier
will be added to the second-stage leach circuit. Solids co'llecting in the sand fi'lters will
be removed by backwashing and discharged to the first countercurrent decantation tank.

3.2.2.6 Solvent extraction

The primary purpose of the solvent extraction circuit is to concentrate and purify the uranium.
In this process, the uranium is selectively extracted from the leach so'lution by an organic
amine carried in a solvent, such as kerosene. Because the leach solution and the organic
solvent are immiscible, the extraction is accomplished by v'igorously mixing the two liquids
and then allowing the resu'lting unstable emu'lsion to separate into organic and aqueous layers
in a mixer-settler unit. To maximize the uranium concentration in the organic solvent and
minimize uranium losses, the proposed mill will provide a four-stage countercurrent
extraction section. The uranium-loaded so'lvent will pass to a four-stage stripper section.
The barren leach so]ution (raffinate) leaving the extraction section will be used partly as
wash water in the countercurrent decantation unit and the remainder sent as waste to the
tailings impoundment area to limit the buildup of impurities in the plant circuit.

In the stripping section, the uranium-'loaded organic solvent will be contacted with an aqueous
ammonium su'lfate solution to displace the uranium into the aqueous solution. The stripped
organic solvent will be recycled to the extraction section while the uranium-rich ammonium
sulfate solution is advanced to the precipitation circuit.

3.2.2.7 Precipitation

The pregnant anunonium sulfate so1ution will be passed through a heat exchanger to raise its
temperature before being pumped into a series of precipitation tanks. Ammonia wi'l'l be iniected
into the tanks to neutra]ize the solution and to effect the precipitation of armonium diuranate
(yellow cake). The barren amnonium sulfate solution will be filtered and recyc'led to the
stripping stage of the solvent extraction circuit.

3.2.2.8 Drying and packaging 
r

The precipitated yellow cake will be washed to remove soluble impurities, dewatered, and dried
in an oil-fired multiple-hearth furnace. The dried product will then be passed through a

crusher for reduction to minus 0.6 cm (0.25 in.). The finished product wjll be transported
to a packaging station, where it wil'l be d'ischarged to,steel drums at a design rate of about.l50 kg/hr (350 lb/hr). Drying and packaging operations wil'l be conducted for about 30 con-
tinuous hours per week. Product output from the plant will be about nine to ten.barrels of
U30s per week. Fi1'led drums wi1l be stored until a sufficient number have been assembled
for shipment.
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3.2.3 Nonradioactive wastes and effluents

3.2.3.1 Gaseous effluents

M.iiling operations will result in the release of nonradioactive gases and vapors to the
atmosp[ere. The main sources of gaseous release will be the leach circuit, the solvent
exchange circuit, the yellow cake precipitator and dryer, the analytical laboratory, and the
mi11 power plant and heating systems.

Because of the small size, type of process, and heat input of the proposed mill, Federal and

State atmospheric effluent emissions standards are not applicable. However, ambient air
quality regulations are applicable to the mi11 operations. Air quality impacts from mill
operations are discussed in Sect.4..l.

Leach i ng

The leach tanks will be covered and equipped with a demister vent system. Therefore, aerosol
and particulate releases will be minimal. Small amounts of sulfuric acid mist are expected
to be present in the room containing the leach tanks. Building air will be combined with
the exhaust from the demister and released to the atmosphere. Liquids collected by the
demister will be returned to the leach circuit (ER' p. 3-25).

Carbon dioxide will be produced in the leach circuit as a result of interactions of carbonate
materials in the ore wiih the acid in the leach so'lution. Trace quantities of su'lfur dioxide
ind free chlorine may also be released. Gaseous releases from the'leach circuit are not
expected to affect air quality at the site.

Solvent extraction

Solvent extraction and stripping will be conducted in uncovered mixer-settler tanks housed

w.ithin the mi11 bui1ding. Exposed organic solvents will be lost from the liquid surfaces by

evaporation. It is estimated that these losses of hydrocarbons will be about 0.27 g/sec
(2.i lb/hr) (ER, p. 3-ZB). Because the solvent extraction room is designed to be ventilated
ut tn" rate of 5.7 m3/sec (i.2 x l0a cfm), the hydrocarbon concentration in the building vent
exhaust will be approximately 4.8 x 10a pglm3. Atmospheric dispersion is expected to quickly
reduce this concentration below the ambient standard of .l60 

ug/mt.

Yellow cake operations

Air from the yellow cake precipitators and thickeners area
dust collector and vented to the atmosphere from a stack.
ammonia at a concentration of about 100 ppm (ER' p. 3-29).

be passed through a wet
exhaust qases wil l contain

dioxide, and nitrogen oxides will be released
relatively small size of the dryer, these

dryer exhaust will also contain ammonia at

Combustion products such as carbon dioxide' sulfur
by the dryer. Because of the f ight-duty cycle and

releases are not expected to be significant. The

a concentration of 5 ppm (ER, p. 3-30).

Analytical laboratorY

The plant will have an analytical and metallurgical laboratory in which the ore and process

streams will be routinely analyzed and tested to provide a basis for optimizing processing
conditions. The various process reagents and the finished product will also be analyzed as

quality control measures. The fume hoods of the laboratory will collect air and an undefined
niixtr"! of chemical fumes and mists and discharge them through a stack to the atmosphere. This
effluent is not expected to contain sufficient Iuantities of potential contaminants (radioactive
or nonradioactive) to create a measurable impact (ER, p. 3-36).
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Mi l'l power pl ant

Electrica'l power and process heat for the Shootering Canyon Uranium Project wil'l be supplied by
diese'l-generating units. Two 

.|200-kVA units would be provided, with one in operating mode and
the other held in reserve. Number 2 diesel oil (maximum sulfur content l%) will fu^el the
unjt. Exhaust gases would be released from an ll-m (35-ft) stack. Table 3..t lists the
expected emjssion rates for this source as calculated by the applicant (ER, p. 3-37).

Table 3.1 j Estimated pollutant emissions from diesel

electric generating units

Pol lutant
Short-terma Annual averageD

g/sec lb/hr g/sec lb/hr

Carbon monoxide
Hydrocarbons
Nitrogen dioxide
Sulfur dioxide
Particulates

1.9 14.9
o.7 5.5
8.7 69.0
0.58 4.6
0.62 4.9

2.O 16.0
o.7 5.9
9.3 74.O

0.62 4.9
0.67 5.3

aContinuous operation is assumed.
bOperation for 340 days per year is assumed.

Source: ER, Table 3.5-2.

Bu i l di ng heat boi l er

Diesel-driven generators will furnish waste heat for normal plant operations. An oil-fired
boiler'located in the power plant will be used as a supp'lementary heat source during cold
weather. The boiler will burn an average of 6 gai and a maximum of about 20 ga'l of No. 2

burner oi1 per hour. Assuming a combusiion heai of'l.5 x .l08 J/hr (l.4 x t0s-Btu/ga]) for
No. 2 burner oil,2 the average heat input in the boiler would be about |.5 x |07 Umin
(.|.4 x 10+ Btu/min), with a maximum of about 4.9 x'107 Umin (4.6 x]04 Btu/min). The boiler
would operate at the maximum fuel combustion rate only during cold weather. Maximum-rate
operation is not expected to occur very often (ER, p. 3-37).

Emissions from the boiler will be vented to the atmosphere from an ll-m (35-ft) stack in the
power plant (Table 3.2). These emjssions will not exceed the applicable Utah standards.

Table 3.2. Estimated pollutant emissions from boiler

Estimated emissionsa

Pollutant Average Maximum

g/sec lb/hr g/sec

Particulate matter 0.001
Sulfur dioxide <0.107
Carbon monoxide 0.004
Hydrocarbons 0.001
Nitrogen oxides 0.016

o.or I o.oos o.o4
<0.85 ; 0.35 <2.8
0.03 0.01 3 0.10
0.01 0.003 0.02
0.13 0.055 0.44

aEstimates are based on emission factors for distillate fuel
oil published in Compilation of Air Pollutant Emissions
Factors, AP-42. EPA, 1 975.

Source: ER, Table 3.5-1.
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3.2.3.2 Liquid effluents

Sanitary liquid wastes will be treated and disposed of in accordance with the requirements
of the Water Quality Division of the Utah State Division of Health. A system of concrete
septic tanks will receive all the sanitary waste generated at the site. Effluents from
these tanks will flow to the sanitary leach fields located to the south and west of the
proposed miII. AlI other liquid wastes, spilIed materials, and site drainage will be
directed to the tailings impoundment for disposal by evaporation (Sect. 3.2.4.7).

3.2.3.3 Sol id effl uents

Nonradioactive solid wastes will be generated during normal maintenance and operation
activities and in the ore crushing process. Trash, rags, wood scrap, and other nonrad'ioactive
debris will be generated within the mill. Because scrap iron, wood, and other mine trash
separated from the ore w'ill be contaminated only s1ightly, they may be disposed of as nonradio-
active waste. These materials will be disposed of in landfill areas approved by the Utah
State Division of Health and the appropriate Federal and/or local authorities.

3.2.4 Radioactive wastes and effluents

Mining and milling of natural uranium results in the release of some radioactivity to the
environment. Uranium-238 and its daughter products in the ore are the most significant sources
of radiation. The ore processed by the proposed Shootering Canyon mill will have an average
grade of 0.10% uranium (UgOa). Ore of this grade has an activity of about 257 uCi of
uranium-238 per ton of ore. The activity from uranium-235 and its daughters is only 1/20fh
that of the uranium-238 series and is radiologically insignificant.

Mining, ore transportation, milling operations, and tailings disposal present pathways for the
releaie of radioactive effluents to the environment (Fig. 3.5). The amounts released through
each of these pathways depend on system design, operating practice, ore type, and climate.
The Shootering Canyon mill will utilize commonly practiced, state-of-the-art techniques to
minimize radioactive effluents.

3.2.4.1 Mi ni ng

The underground mines serving the proposed mi'll will be sources of radon-222, ore dust, and
mine drainage. The conditions in present mining operations indicate that mine drainage will be

insignificant, thus e1iminating radium release by this pathway. Dusting wilI be minimized by the
moisture content of the ore and by keeping the floors of haulageways damp. Radon-222 releases
will be a function of ore grade, rock characteristics, moisture, and area of ore exposed in
the mine. Control of the mining release of radon is beyond the scope of this ficensing action.
Federal and State mine safety laws, however, provide for ventilat'ion and other measures to
protect mine employees and the public. A11 mining wastes will be disposed of in accordance
with the Utah Mined Land Reclamation Act of 1975.

3.2.4.2 Transportation of ore to the mill

Transportation of ore to the mill is not expected to be a significant source of effluent.
Run-of-mine ore will be relatively coarse material not prone to dusting. Minor spi11s of
ore during the project life will cause some minor contamination of haul-road surfaces.
Passage of vehicles over spilled ore materials and subsequent dry'ing may promote dusting;
however, the applicant plans to limit dust releases from haul roads by means of water sprays
or chemical stabilizer treatment. Therefore, ore releases will be limited to the haul roads
or their immediate vicinity. The potential effects of accidents involving ore transport from
the Blanding ore buying station are discussed in Sect. 5.

3.2.4.3 Ore storage piles

During normal operation, ore trucks would de'liver ore directly to the crushing unit. A

14-day supply of ore, approximately 9100 MT (.|0,000 tons), would be stockpiled near the mill
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Fig. 3.5. Radionuclide dispersion pathways relevant to the Shootering Canyon Uranium Proiect.

to buffer mi11 operat'ions against interruptions in the min'ing operations. A portion of the
stockpile wil'l consist of crushed and screened fine ore set aside to prevent interruption
of mill operations by a crusher failure. Although present plans call for the storage of
only 9100 MT (10,000 tons), the ore pad will be capab'le of storing as much as 91,000 llT
(100,000 tons). The staff estimates the surface exposed during normal storage to be about
0.2 ha (0.5 acre); at maximum storage, up to 2.0 ha (5 acres) of surface will be present.

Although the ore storage area has a relatively large maximum capacity,'its full use'is not
anticipated. The applicant has estimated that only 10-20% of the ore delivered to the mi'll
will be deposited on and then removed from the ore storage pi1e. The remaining 80-90% wi'll
be fed d'irectly from incoming vehicles to the ore crushers. This minimizes the handling of
ore at the storage pile and will result in a relatively stable pile inventory. The applicant
has estimated an average pile area of 0.25 ha (0.62 acres) to provide sufficient ore for
approximately two weeks of mill operation. Because any large deviations from this estimate
would be only of short-term duration and because the staff has estimated a lower average area,
the applicantrs estimate has been adopted for use'in this analysis.
J
Ore stored on the pile would tend to dry out and become a source of dust emissjon. Also
radon-222 gas would evolve in the pile and a portion would be released to the atmosphere.
The applicant plans to spray the stored ore with water or apply chemical stabi'lizers to control
dust emissions.r The staff estimates that the annual average dusting rate from the stored

, raw ore, which is composed mainly of rock-like fragmentg, wi'l1 be approximately 10% of that
estimated in Appendix D for dry tailings sands (192 g/mz.year). The rat,t ore concentration of
uranium-238 and each daughter in secular equilibrium, based on an average ore grade of 0.1%,
would average about 283 pCi/g. Assuming that the emitted dust would have radioactiv'ity
concentrations 2.5 times those of the bulk ore, the annual release of uranjum-238 and each
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particulate daughtelis estimated to be 3.4 x l0-s Ci. This estimate includes no reduction
to account for dust control measures planned by the applicant and, therefore, implicitl-v allows
for temporary and unusual upward vaniations of the storage pile area.

Radon-222 would be produced in the piie from decay of radium-226. Most of this radon decays
in p1ace. A small fraction escapes the pile by diffusion. If the same assumptions and
considerations as detailed above and the calculational procedure described in Aopendix F are
used, release of radon-222 from the ore storage pile is estimated to be about 22 Ci per year.
Variations in pile geometry that affect the surface area will affect the actual release rate
encountered during operations. Maintaining the ore pile at minimum surface area and maximum
height minimizes radon release. Water sprays applied to control dust release should also
reduce radon releases.

Precipitation runoff from the ore storage area will be directed to the tailings impoundment.
Therefore, no significant liquid effluent to the environment is expected from this source.

3,2.4.4 Crushing and grinding

The ore crushing unit is designed to minimize dust release. This control will be orovided by
the use of enclosed and/or hooded conveyors, feeders, bins, and hoppers. All the various
d'ischarge and transfer points in the system will be vented to wet dust collectors (high-
energy venturi scrubbers.or equivalent) with design removal efficiencies of at least gg.g% (fR,
pp. 3-20,3-21, and 3-27). The primary crushing un'it, secondary crushing and sampling unit,
and fine ore storage and feeding unit are served by separate dust collectors. The applicant
has estimated that the dust loading of the scrubbed exhaust air will be between 0.03 and
0.05 g/m3. The staff has assumed a reduced average removal efficiency of 99% in order to
account for the effects of aging, off-normal operation, and stray, unf.iltered exhausts throuqh
doorways, etc. Based on this efficiency, the exhaust air dust loading would be 0.2 g/m3. The
radioactivity concentrations in the escaping dust are assumed to be 2.5 times those in the
bulk ore.q Taking into account the proposed duty cycles and ventilation flow rates, the
estimated annual releases of uranium-238 and each particulate daughter in secular equilibrium
are 5.6 x l0-3 Ci for the primary or jaw crusher, 1.2 x 10-2 Ci for the secondary crusner,
and l.6 x l0-2 Ci for the fine-ore-blending operation.

The crushed ore is fcd to the rod mill along with sufficient liquid to produce a slurry
containing 70% solids. As a result, particulate releases from the grinding mill will be
negl igib1e.

Radon-222 gas is expected to be released during the crushing, blendino, and qrindinq operations
as a result of the extreme physical agitation involved in these procelses. Tne staTf'has
assumed that the entire radon-222 inventory of the processed ore would be released; l0% in
each.of the primary crushing,_secondary crushing, and blending operations, and the remaining
70% in the rod mill. Radon-222 releases from these sources aie estimated based on an averageor$ processing rate^of 680 MT/day (750 tons/day) for 340 days per year and an average radon"-222concentration of 283 pCi/g. The resulting release estimatei are O.S Cilyear for t66 primary
crushing,_secondary crushing, and blending operations (each), and 46 Ci'lyear tor ine rod m.ill.
The only liquid waste produced in these operations would be'dust slurriei from the wet collectoroperation. These dust slurries would be combined with the rod m'ill ore slurry which is processedto recover uranium,

3.2.4.5 Leaching and extraction

Leaching and extraction are wet processes that would not make any significant contribution
to.the^release of particulates. Because of the short residence time-of ore.in the mill c.ircu.it,
radon-222 releases from these processes should not be significant and can be assumed to be
included in the estimated releases from crush.ing and grinding.

3.2.4.6 Yel low cake drying and packaging

The uranium concentrate (precipitated ammonium diuranate) will be dried jn a multiple-hearth
furnace at 650-700"C.s .The dried produc! ril]. be 90% U306. with the rema'inder beihg nonvolatilesalts and other impurities. Approximately 90% of the nitiral uranium, SZ of tne-ttr6rium-230,
and 0.2% of the radium-226 present in the ore are estimated to appear in the product.6 '
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Product dust (yellow cake) wil'l be present in the exhaust air streams of both the drying and
packag'ing (product drumming) units. The applicant has estimated that, during operation' the
exhaust streams from the drying and packaging un'its wi'll contain about 0.007 to 0.01 kg/hr
(0.016 and 0.02.| 1b/hr) of ye11ow cake, respectively, based on the design efficiency of 99.7%
for the wet dust collectors (ER, Table 3.3-l). The staff has jncreased these mass release
rates based on a reduced estimated average collection efficiency of 99%. Considering that the
dryer and packaging un'it will be operated for 30 hrlweek and for 50 weeks per year, the
estimated annua'l ye1low cake release from both sources combined js 84 kg. The radioactivity
content of thjs release is estimated to be 2.'l x t0-2 Cilyear of uranium-Z38 and uranium:234
(each), .|.2 x l0-3 Cilyear of thorium-Z30, and 4.7 x 10-s Cilyear of radium-226 and ledd-210
(each). No significant release of radon-222 from yeilow cake operations is anticipated.

3.2.4.7 Tail'ings retention area

The tailings discharged from the countercurrent
decantation unit of the mill is in the form of
a slurry containing about 9'l0 kg (2000 |b) of
solids and t.ll m3 (293 gal) of liqu'ids per ton
of dry ore fed to the mill. The tail'ings fiquid
conta'ins residual acid from the leaching step
and dissolved solids placed in solution by leach-
ing and rejected in the solvent extraction
raffinate. The estimated composition of the waste
solutions after neutralization to a pH of 4
is given in Table 3.3.

Both the liquid and solid portions of the tail-
ings will be a source of low-level radiation
due to the uranium and daughter products left
in the wastes. Less than l0% of the original
uranium, 95% of the thorium, 99.8% of the
radium, and essentially 100% of the other
uranium-238 decay daughters remain with the
taj1ings. With the exception of thorium-230,
the radioactive components of the waste generally
have a low solubility and remain mostly in the
solids.

Because of the potential adverse rad'iological
and chemical nature of uranium mi11 tailings,
permanent environmental jsolation is required.
The tailings management plan should be designed
to prevent excess'ive release of solids by wind
erosion and of liquids by seepage, leakage, or
overflow during operation of the mill. Fo'llowing
cessation of milling operations, the tailings
management plan should also provide for adequate
stabil ization of the tail ings against long-term
eros'ion and minimize the leach'ing of radioactive
solids, the diffusion of radon-222 gas, and the
direct gamma rad'iation dose from the tailings.
The tailings management plan proposed by the
applicant 'is discussed in the remainder of this
section. The merits of the proposed impound-
ment and alternative tailings management methods
are discussed in Sect. .|0.3.

Table 3.3. Estimated composition
of liquid fraction

in plant tailings slurry

Parameter

Composition (mg/literl

Fe

U

Na

NHg

cl
so4
Cu

Ca

Ms

AI
Mn

Zn
Mo
Organics
pH

130
2

0.34
760'
104

140
12,800
m0a
500
2700
3
73e
1V
58

470
4.O

Radiochemical assay (pCi/literl

Gross alpha
Gross beta

Th-230
Ra-226
Pb210

2.4 X 1054

5X 106

3700
5(P

2@a

sStaff estimates.
Other sources: ER, p. 3-26, and

"Responses to NRC Ouestions on
the Envifonmental Report for the
Shootering Canyon Uranium Prol-
ect," Sept 15, 1978.

The applicant proposes to construct an impoundment jn a natural basin to the west of the mill
(Fig. 3.6). The impoundment will be closed by an engineered embankment 36 m (l18 ft) high
(maximum) and.about 460 m (.|500 ft) long. The u'ltimate capacity of the impoundment wil't-be
3.2 x 106 m3 (2600 acre-ft), or 5 x .|05 

MT (5.5 x.106 tons), suificient to'hold the taiiings
solids from 20 years of mi1l operation at 680 MT (750 tons) per day.



3-15

<So

ES.4650

\l 1 ', , T

,r!'^t

^i 
*j

,

Fig. 3.6. Locations of the proposed tailings impoundment and plant site for the
Shootering Canyon Uranium Project. Source: Plateau Resources, Ltd., Tailinqs l"lanagement
Plan, ?roposed Ore Processinq FaciliW, Shooterinq Canyon Uranium proj-Tl-UTaEllrEpareT
b

The impoundment is planned to be constructed in two phases. The first phase will feature an
embankment that is 26 m (85 ft) high [crest elevation l35l m (4433 ft)], enclosing an areaof l6 ha (39 acres). This phase will provide sufficient capacity for ieven years of mi11operation. For the second phase, the dam crest elevation will be raised trom l35l m to l36l m
(4466 ft), and the impoundment area would be expanded to 28 ha (68 acres). The dam will be
constructed wjth a core of silty clay material keyed to the bedrock underlying the impoundment.
The core will be blanketed with layers of sand, gravel, and coarse rock to st;bilize the
embankment and to prevent erosion (Fig. 3.7).

The floor and sides of the basin will be lined with a compacted clay-silt-sand material available
from a borrow area approximately 3.2 km (2 miles) north of the impoundment site. The thicknessof the liner will be a minimum of 0.6 m (2 ft) near the final waterline of the impoundment
and will be l0% of the expected final hydraulic head in the deeper portions of thi impoundmentarea. The applicant's consultant has measured the permeability of the proposed tiner materialto be approximately 5 x l0-7 cm/sec (0.52 ftlyear). Because t-he impoundment would be built
over sandstone bedrock, differential settlement should not be of sufficient severity ro
compromise 1 iner integrity.

The seepage characteristics of the proposed impoundment are discussed in Sect. 4.3.2. Tolimit seepage to a reasonable value, the NRC will require use of a liner material having apermeability not greater than I x l0-7 cmlsec. The maximum potential seepage rate from the
fu11 impoundment with this less permeable liner is estimated bv the staff to be less than6.8 x lO' ri (55 acre-ft) per year or about lB5 m3/day (34 gal/min).

T
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The applicant proposes to install a taifings.drainage system i,n the lower portion of the

initial tailings i*porna.eni area for the [rimary purpose of dewatering the deposited tailings
in pface a, ,a[idly'inJ ut thoroughly as pbssible.-.The gxpected benefits of this operating
mode are the recovery and potentiil iecycle of tailings liquid (thereby reducing proiect
;;;;.';;q;i;.*.ntii,"the reduction of sLepase l9::9t by decreasins the hvdraulic head above

t.he pond liner, anO more ripid settling and"stabilization of the tailings. This settling will
:;;rT;";.;jun'uiiin-ot the tiilings area shortly after plant operations have ceased, which will
l.;;;;it;-;.Jon-.ririioni and disfiersal of airborne tailings during the drving out period.
'i'i"if.1.-iuti.* op.rii.t as planned, the applicant will extend it to the remainder of the

i-r.r.Ari,.i ir burt of the second phase of the impoundment expansion. Should the system

,l"cr. i..ifective (e.g., drainage pipes become blocked), modifications to impoundment

!0"\ation procedures would be proposed by the applicant'

rr.^ rlrainaqe system will consist of a network of perforated plastic drainpipe covering the

"j]l"l'.i.0-iiuv'lin.r of the impoundment. The main collector drain will run upstream from

iiitlSe..1ong-th. bottom of the impoundment basin. Branching lateral drains will connect

i^"*il\colleitor drain at about 
.l50-m (500-ft) intervals. A11 drainpipes will be extended up

ii"".inIi oi i6. basin to an elevation of 15 m (50 ft) above the base of the dam and will
i"Tri*"i,ipog.iphi. a.pr.ssions as much-as possible. The main collector drain will discharge

i;;;"; i6mp"loiated ut th.10w point of the impoundment. .A.vertical riser pipe installed
jl]'J...ifh.. of the sump will be progressively lengthened to extend above the tailings at
ji'f"ti-.r,1 and drained tiitings liquid.will be removed by a well-!.yP. pump installed in the

;i;.;: -i;\.prevent plugging oi the drain pipes by the _tg]linss solids, each pipe will be

!r..r.a ii i. jactet of-[ea-grave] ovgr]aid by a sand filter berm. The berms will divide
i'iI"ii"^,',".r.o.nt into severai celIs within which a layer of sand and mine waste rock wil1 be

:l':"J'"";;i'l\material will serve as a drainage blanket and will also partially neutralize
[i,."i.iaii tlitings liquid by reaction with the carbonate in the mine waste rock.

The system wil l. b9 operated by discharging tailings slurry from a single spigot into a corner

of one of the (rrarnage cells.- In this-way, the deposited solids will form a nearly flat conical

;;r;l'u;;r;;-tire disiha"ge point with the sands segregat'ing near the discharge point and the

,iir., deposite.d at the bottom of the s1ope._ After the mound builds up, the discharge.point
will be shittea to another corner of the cell or to a second cell and the deposited slimes

,,iff U. illowed to stabilize enough to prevent displacement or disturbance by subs-equent

ujaitioni oi tuii.ings slurry. The operational cycle is expected to require from four to
picrht cells to ensure adequite stabilization of the slimes before the feed point is shifted.
A;'t;.-;;iir-i'" ;'itled, the drainage berms wilI be built up with tailings sands. To improve

the neutraliza."ron capacity of the iystem, additional calcareous mine waste rock may be placed

over the deposited sands piior to resuming the tailings feed. If percolation of the tailings
ijqirij if,1i"rgi, ttr. carbonate material fails to produce adequate neutralization' the applicant
prJpoi"t to iaa calcareous material to the tailings slurry in a manner designed to obtain
more intimate contact with the acidic tailings liquid'

The system is designod so that liquids discharged to the cells will seep through the deposited

stjlidi into the driin.rge blanket and along the top of the clay liner to the drainage pipes'
if'" iine particulates in the slurry feed are expected to be_removed by the sand filters as

the liquid drainage f"lows from the blankets to the pipe collectors.

The carbonate content of the mine waste rock in the impoundment will provide some neutralization
of the acid in the lj.quid wastes. Based on a tailings pH of .l.5 

and a mine waste carbonate
content of 10%, the applicant estimates that neutralization would require 1B kg (40 lb) of waste
rock per ton of ore processed (addition of this rock material would increase the volume of
tfre sblids in the impound'nent by approximately 2%). The staff believes that this value is
unrealistic because it does not account for t-he buftering effects of the bisulfate ion (HS0,+-)

and other chemicals. At the expected solution pH of 1.5 and total sulfate concentration of
.12,800 

ppm (.12.8 g/liter), the concentration of the bisulfate ion is roughly three times higher
thin thai of the iree hydrogefi ion. As neutralization consumes the hydrogen ion, the bisulfate
would dissociate into sulfate a.nd more hydrogen ion. Therefore, neutralization would not be

complete until both the hydrogen and bisulfate ions are consumed. In this case, complete
neutralization wou'ld require 1Z.l kg (.l60 lb) of waste rock per ton of ore processed, and

the quantity of waste rock requireul for total neutralization over the life of the proiect
would be roughly B% of the ore mass pTrocessed.
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The main benefit to be derived from neutralization is a substantial reduction of the dissolved
solids content of the liquid wastes. About 90% of the radium, most of the thorium' and much of
the copper, cobalt, aluminum, iron, molybdenum, and vanadium would be precipitated from
solutjon as would sulfate in the form of gypsum. The neutralized solution may be suitable
for recycle to the mill process resulting in a net reduction in water consumption. However,
should resjdual contaminants preclude recycle to the process, the reduction in tailings acidity
will at least render toxic materials in the wastes less susceptib'le to leach'ing and transport.
In either case, the collected liquids will be available for wetting the tailings beaches as
part of the dust contro'l program, for di'lution of the tail'ings slurry to aid in transport to I
the impoundment, and should be more readily evaporated than the untreated solution. I i1-"
The proposed tailings management system will prevent excess'ive segregation of sands and slimq()
The interbedding of sands and slimes resulting from the filling procedure utilized will I
facilitate the drainage and stabilization of the slimes. The long-term stability of the I'impoundment should be improved over that of conventionai impoundments, which have a large n I

slimes area subject to seism'ic 'liquifaction and differential settlement.

The particuiate, seepage, and radon releases would be at their maximum values toward end of
the mjl'l operating iife. At that time the surface area of the tailings impoundment wi'l
exceed the required evaporation area, exposing the tailings beach to potential wind
and 'increased radon diffusion. If the ta'ilings drainage system successfully reduces
hydrostatic head and hence the seepage through the 1iner, the evaporation area will i
by 0.12 ha (0.3 acre) for every acre-foot reduction in seepage. During the ear'ly sta
operation, smaller seepage losses and impoundment areas would result in the evapora
covering the entire active tailings area, thus reducing the area of tail'ings expos
atmosohere.

'| on

on area
to the

The tailings beach and the drained cells will be subjtict to drying and subsequent/dust emissions
through wind erosion. To minimize dusting the _appl'ica1t plans to apply the.tailfngs liquids
to all exposed dry areas. Assuming this control to be 80% effective, approximateiv-5.5 tia
(14 acres) of the exposed area will be a source of wind-blown particulates. The Airnual average
dry tailings plie dusting rate, on the basis of data presented in Append'ix D, woqld be approxi-
mately 192 g/n2.year (4.74 MT/acre-year). This rate corresponds to annual radiorlctive rbleases
of 7,52 x l0-q Ci of uranium-238 and uranium-Z34, 7..I5 x l0-3 Ci of thorium-Z30f and 7.52 x l0-3
Ci of radium-226 and1ead-210. 

I
In addition to particulate releases, the exposed tailings beach will also be y' significant
source of radon-222. The annual release, estimated using the models and dataldescribed in
Appendix F, is calculated to be 2470 Ci, This estimate is based on the assuniption that the
entire tailings area will emit radon at the rate of about 283 pCi/mz-sec. i

urJJvrvsu rqurunuLrrus5 qilu ilrdilJ ut Lile ltedvy ilteLdt5 dl'g gxpgcleo Io De lm/n
the immediate area of the impoundment. II
3.2.4.8 Source terms

Sections 3.2.4.1 through 3.2.4.7 describe the nature and quantity offadioactive effluents
conservatively estimated to be generated by miliing.operations ui tf" Shootering Canyon
Uranium Project. Estimates employed-in_the above disiussions wereT/derived from"projlct design
parameters and data from similar mil'1s.7-37 The estimates reflecf operation of tne-tully
developed mill and tailings area. Initial releases from the tai//'ingi area will oe lower thanthe estimated va1ues for.several years after.start-lp. Therefgle, ihe use of full-sca'le opera-

{

As noted above and in Sect. 4.3.2, the maximum seepage from the impoundment,ilithout operationof th.e drainage system wili be about 6.8 x lOq m3 (55 acre-ft) per year. .Tde applicant
estimates that, if the drainage system is successful, the hydrostatic head/acrosi the pond
liner may be reduced to as little as about 0.9 m (3 ft) and could reduce tfie seepaqe fion the
impoundment to less than 5.5 m3/day (l bal/min). Because the seepaqe will;be neirtiatized .in
either the impoundment areas or in the bedrock under the impoundmeni, almo(t all of the
dissolved radionuclides and many of the heavy metals are exilected to be imrnobilized within

tion as the basis for estimates adds some additional'conservatlism-to ttre aniiysis.
Table 3.4 gives the design parameters used in estimates of rudloactive releasi rates. The
source terms for the milling operations and areas are pres/-nted in Table 3.5.

t'l

j

i
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Table 3.4. Principal parameter values used in the radiological

assessment of the Shootering Canyon Uranium Proiect

Parameter Valuea

General data

Average ore grade, % U3 03

Ore concentration, pCi of U-238 and daughters per gram

Ore processing rate, MT/daY

Days of operation Per Year

Ore storage pilesb

Actual area, ha (acres)

Effective dusting area, ha (acres)

Annual averaqe dust loss rale, glm2'year

Dust: ore concentration ratio

Crushers

Dust collector removal efficiency, %

Exhaust air ore concentration. g/m3

Primary crusher exhaust ai rf low, m3 /m in (ft' /min )

Secondary crusher exhaust airflow, m3/min (ft3lmin)

Fraction of time operational

Dust: ore concentration ratio

Fine ore blending

Dust collector removal efficiency, %

Exhaust air ore concentration, g/m3

Exhaust airflow, mt/min (fttlmin)
Days of operation Per Year

Dust: ore concentration ratio

Yellow cake drYing and Packaging

Fraction U to yellow cake

Fraction Th to Yellow cake

Fraction Ra and Pb to Yellow cake

Dust collector removal efficiency, %

Yellow cake dust release rate, kg/hr (lb/hr)

Fraction of time operational

Tailings imPoundment systemb

Fraction U to tailings
Fraction Th to tailings
Fraction Ra and Pb to tailings

Total area, ha (acres)

Effective area subject to dusting, ha (acres)

Annual average dust loss rate, g/mz'year

Dust: tails concentration ratio

0. 10

283
680
340

0.25 (0.62)

0.2s (0.62)

19.2

2.5

99
o.2
1 70 (6000)

368 (13,000)

0.444
2.5

99
0.2
230 (8000)

340
2.5

0.90
0.05
0.002
99
0.06 (0.123)

o.172

0. 10

0.95
0.998
27.7 (68.51

s.5 (14)

192
z.c

aParameter values presented here are those selected by the staff for use in its

radiological impact assessment of the Shootering Canyon Uranium Project They

represent conseruative selections from ranges of potential values in instances where insuf-

ficient data ha been available to be more specific.
bFor additional parameter values, see Appendix D.
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Table 3.5. Estimated annual releases of radioactive materials resulting
from the Shootering Canyon Uranium project

Annual releases, curiet'
Source

Th-230 Ra-226 Rn-222

Ore storage pile

Primary crusher

Secondary crusher

Fine ore blending

Rod mill

Yellow cake operations

Tailings system

3.39X lo-s
5.61 X 10-3

1.22X rc-2
1.57 X 1o-2

2j2X 10-2

7.52X 10-4

3.39 X 10-5

5.61 X 1o-3

1.22X fi-2
1.57 X 1 o-2

1.18X 1o-3

7.15 X 1o-3

3.39X 1o-5

5.61 X 1o-3

' 1.22X rc-2
, 1.57 X 10-2

4.72X 10-s

7.52 X 1o-3

22.3 X l0
6.54

o.s
6.54

4s.8 X l0

2.47 X 103

aReleises of other isotopes in the U.238 decay chain are included in the radiological
impact analysis. These releases are assumed to be identical to those presented here for
parent isotop€s. For instance, the release rate of U.234 is taken to be equal to that for
u-238.

3.3 INTERIM STABILIZATION,

3.3.1 Interim stabilization

RECLAMATION, AND DECOMMISSIONING

3.3. I .l Mi 1'l tai I i ngs area

Interim stabilization'is defined as measures to prevent the dispersion of tailings particles
by wind and water outside the immediate tailings retention area. Such measures will be
required at the Shootering Canyon m'i1l during the'15 years of operation.

As a license condition, the staff will require that the applicant immediately implement an
interim stabi'lization program that minimizes dispersal (via airborne particulates) of blowing
tailings to the maximum extent achievable. The effectiveness of this control measure will be
checked at least weekly by means of a documented inspection.

3.3.1.2 Other areas

The use of underground mining techniques limits land disturbance to rock-waste dump areas,
mine service facilities, and roads. Rock-waste dumps will be located along the canyon wall
adiacent to the mine portals. The dumps wil'l be sited such that natural f'lood flows within
the canyon wili not be obstructed by the dump. The tops of the waste piles will be sloped to
faci'litate drainage, and the side slopes of the piles will form at the natural angle of'
repose. No additiona'l stabilization measures are planned. Approximately 4 ha (10 acres) of'land wi'l'l be affected at the Tony M Mine; the mine serving the northeast ore body will have
simi'lar land requirements.

3.3.2 Reclamation

3.3.2..l Mill tailings area

In accordance with the Utah Mined Land Reclamation Act of .l975 
and the requirements of the

NRC,-the lPPlicant has prepared a reclamation plan for the tailings area. The goal of the
applicant's plan is to meet the performance objectives for tailings management (Sect. .|0.3.1).
Rec'lamation would commence after cessation of milling operat'ions as soon as the tailings area
had dried sufficiently to allow movement of equipment over the pi1e.
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The proposed reclamat.ion program calls for a 1.8-m{6.0-ft) layer of compacted clayev materials
(borrowed from exposed portions of the Summerville;o{fmation nbit it'" sjte) an?-E-if.b:fi Ul '0-ft)l
1ay_g--ef-sandy-soi1 rit!"iir-over the tairlngi i."u.i itutt calculations ihow the proposhd

iofl---------------er is sufficient to reduce the radon flux-to twice background and the garnma radiat'ion to
;;;k;r;;r;-i"u"ji.- ii""-npp"naices r a1d G.) A 0.3-m (l.o-rt) tayer of-coarse gravei and rock

"iii"u" 
placed ou"r it.-.u'p'for protection against erosion. The cap will be designed to resist

damage by differential settlement of the tail ings.

The reclaimed impoundment is designed to mitigate the effects of erosion. The coarse rock and

boulders coveping the surfaces of the tailings area-and the downstream face of the impoundment

ail;iii i"titt dullying and water sheet erosion. Sediment laden runoff from the 89-ha

iZZO-u.r.)-Oriinig. Lasin above the dam will pond over the-tailings cap. Ponded-water would

de aisperieO by eiaporation because the underlying cqp would have a 1ow permeability and the
rema.ining sediments carried into the impoundment would add to the thickness of the cap' This
process iould lead to cond'itions conducive to natural establishment of a vegetative cover'
h"ulg"tution of this area will be entirely.dependent upon,natural secondary succession. The

ii.""oi ihe impoundment dam will be coverLd with a 1.5-m (5-ft) of large rock, 50% of which

wilI be coarser than 30 cm (l2 in.).1 The-!.tgpssed pl.an t.q-"t.e.ysgelate cover for the tail ings -"
impoundment does*--ng!-lregj State requirements for revegetation' rd

--=*-*-
Because the cap would be thick [2.75 m (9 ft)] and topped with riprap and because_of the

ariOity of the region, the stafi has concluded that root penetration into the tailings is not
iifety. Thus the-posiiUitity of adverse impacts associated with the qpward migration of
radionuclides and toxic elemLnts through plant root systems is reduced. The periodic collection
of runoff over the impoundment will prevent dessication of the clay cap and therefore limit
ine Jevetopment of shiinkage cracks. The rapid_evaporation of collected runoff and the small

nydraul.ic head over the caf will limit the infiltration of water through the tailings.

After reclamation, two spillways would be constructed to protect the dam and the tailings cap

aga.inst erosion ana ttooi flowl. One spillway would be excavated in the sandstone of the
l6ft abutment of the dam to direct drainage to the downstream portion of the impoundment basin.
The other spillway would be excavated in the sandstone formation along the northwest corner
of the impoundmeni. This spillway.would divert drainage to Lost Spring Wash. Both spillways
would have crest elevations 0.9 m (3 ft) above the level of the tailings cap and wou'ld be

i.ized to pass the probable maximum flood. However, until sediment deposition fills in the
impoundment to the level of the spillway crests, spillway flows would be rare events. The

prbposed spillways will promote the deposition of additional sediment over the tailings cap,
providing additional protectjon against erosion.

3.3.2.2 Mine and m'i II areas

In accordance with the Utah Mined Land Reclamation Act of 1975 and the requirements of the
NRC, the applicant has prepared reclamation plans for the mine and other mill site areas.
At- ihe ena'bt operations, itt Uu'itaings and facilities in the mine camp and_service area will
be dismantled and removed from the site. Bui1ding foundations will be leveled, and the dis-
turbed areas will be regraded to preproject contours.

Access roads constructed for exploration and development drilling activities will be closed
by bulldozing earth and rock barriers across them at gullies, bluffs, and other strategic
locations. Natural weathering will return these road tracks to conditions similar to those
existing before construction. Mine access and haul roads in existence prior to proiect con-
struction will be left intact after the close of the proiect.

At project termination it is anticipated that the mill structures, tanks, and other facilities
witi U6 decontaminated, dismantled, and removed from the site. Foundations will be leveled'
and the resulting waste wil'l either be used in the filling of depressions on the_site or be

removed to an approved landfill site. Al1 depress'ions in the mill site area will be filled
and the entire area graded so that site runoff will drain into the tailings area.

Several characteristics of the project area, and southeastern Utah in genera], make it very
difficult to reestablish the vegetation rapidly. The most significant factors are the arid
climate and the poorly developed soi1. The applicant plans to redistribute at least 0.3 m

(l ft) of previously stockpiled topsoil over all disturbed areas except the access road



J-lz

and tailings impoundment area. Then these areas wili.be graded, fertilized, and seeded with
nati ve spec'ies.' Proposed pl ant speci es i ncl ud-e sage (Artenrtsia spp. ) , Ildjgllgggrass
(ooy"opti" hymenoi.des), a!il_Mor[9!_l9g (tphedriffiyarn) (ER, sblt. gl3)l-T]T["TTEaception
dt Itor'nron te-a, the specieE-Slette*t-_Uy th-e applicant are not prevalent in the area.

The staff recommends that the applicant follow revegetation techniques, including species and
mixture of seed, similar to those suggested by P1ummer.39 Some fast-growing, introduced
species such as pubescent wheatgrass, cl9.ilq!-Uheatgrass, and alfalfq could be used to help
stabilize the reclE-ifr.64'-arl{S,*but the greatest percentage of seeds should be native sp_egieg.
Additionally, the seed shou1d be obtained from those areas that have soil characteristics and
climate simi'lar to the project site.3e In the long term, native vegetation is expected to
return to the areas, and such a ma'intenance-free cover should maximize so'il stability.

The mixture of seed can be pianted fror!.November:.-thr:o.qgh.-fe*b1uary.3s However, because of the'large number of seed-eating rodents present in the area (Sect. 2.9.1.2), it may be necessary
to delay the planting until December. Reclamation shou'ld begin as soon as pract'icable and
continue throughout the life of the project. In doi , portions of the borrow areas
disturbed during construction coujd of rec by the time
mil1 operation ceases. A1so, ahy knowledge ga
applied to those areas yet to be reclaimed.

Because soil fertility is low (Sect. 2.8), it may be necessary to analyze the nutrient content
of the soil and, if needed, to apply appropriate fertilizer prior to seeding. Because reclama-
tion of blackbrush communities, which are present at the site, is not usually successful where
annual average prec'ipitation averages less than 25 cm (l!-i.n.) and because annual average
precipitation at the mill site is only about 18 cm (7 in._) (Sect. 2..l.2), it may be necessary
to imigate the reseeded areas for initial stand estabTiShment. Topsoil at the site contains
very little organic matter. As the presence of. organ'ic matter and mulches in the soil increases
infiltration and reduces erosion and evaporation, thereby encouraging seed germination and
plant growth' it may be necessary to crimp mulch into the soil of all disturbed areas prior
to seeding. ed (Sect. 6.2.2).

The staff notes that the information developed in the Generic Environmenta'l Impact Statement
on uranium milling being written by NRC could be used to modify or change the procedures pro-
posed herein. The generic statement wi'll contain the results of ongoing research to assess
the.environmental impacts of uranium mi'11 tailings pgnds and piles and will suggest means for
mitigating any adverse impacts. The current NRC licens'ing action regarding the-shootering
Canyon mill wi'l'l be subject to revisions based on the conclusions of the Final Generic
Environmental Impact Statement on uranium milling operations and any re1ated rule making.

The applicant wil'l be required to make financial surety arrangements to cover the costs of
reclaiming the tailings disposal area and of decormissioning the mill.
At the time of termination of the operating license, the NRC will require that the land on
which the tailings are stored be subject to the following specific restrictions:

o The holder of the possessory interest will not permit the exposure and release of tailings
material to the surrounding area.

. The.holder of the possessory interest will prohibit erection of any structures for
occupancy by man or animals.

o . Subdivision of the covered surface will be prohibited.

o No private roads, trails, or rights-of-way may be established across the covered surface.

3.3.3 Decormissioning

Near the end of the useful !!fe of this project and prior to the termination of the license,
the NRC will require a detailed decommissioning plan'for the Shootering canyon mi'll, which;ill
contain plans for decontamination, dismantling, and removing or burying a1l-buildinls,
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machinery, process vessels, and other structures and cleanup regrading and revegetation of the
site. f-frjs Oetailed plan will include data from radiation surveys taken at the site and plans

for any mitigating measures that may be requ'ired-as-a result-of these surveys and NRC inspec-
tions.- Befoie reiease of the premises or removal of the buildings and foundations, the
licensee must demonstrate that levels of radioactive contamination are within limits pre-
scribed by NRC and the then-current regulations. Depending on the circumstances, the NRC may

require tiat the applicant submit an Environmental Report on decommissioning operations prior
to termination of the I icense.

I
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I 4. ENVIRONMENTAL IMPACTS

4. ] AIR QUALITY

4..l ..l Construction

The major air pollutants associated with construction of the mill facility will be gaseous
emissions from internal combustion engines and fugitive dust generated from moving vehicles
and wind erosion. In general, these emissions will not produce significant impacts on the
air quality of the region.

The maximum expected emission rate for any of the major air pollutants (N02, S0?, C0, and
hydrocarbons) from each piece of construction equipment is less than 0.2 g/sec.r Using
conservative x/Q (sec/m3) values (Appendix E, Table E.l), the staff calculated the annual
average atmospheric concentration of each pollutant per construction vehicle to be less than
I ug/m3 at the mill-site claim boundary in the direction of the prevailing wind. Such con-
centrations are approximately two orders of magnitude less than applicable Federal and State
air quality standards (Table 4.1). Annual average atmospheric concentrations of these po1-
'lutants at the nearest potential residence (Ticaboo Subdivision) are expected to be even less,
0.03 ug/m3. Considering the short duration of construction (.l4 months) and the low atmos-
pheric concentrations of emissions, the staff's opinion is that emissions from internal com-
bustion engines should not significantly impact air quality of the region.

Table 4.1. Federal and State of Utah air quality standards

Pol I utanl Averaging timea Primarystandard Secondarystandard

Nitrogen dioxideb

Sulfur dioxide

Annual

Annual

24 hr

3hr

Annual geometric

mean

24 hr

0.05 ppm
('t 00 !g/m3 )

0.03 ppm
(80 pglm3 )

0.'14 ppm
(365 p9lm3 )

75 1tglm3

260 pglm3

0.24 ppmc
( t 60 pslm3 )

0.08 ppm
( 1 60 pglm3 )

9 ppm
(10 mg/m3)

35 ppm
(40 ms/m3 )

0.05 ppm
( 1 00 pglm3 )

Suspended particu lates

Hydrocarbons (corrected 3 hr
for methane) 6 to I AM

Photochemical oxidants t hr

Carbon monoxide

0.5 ppm
( 1 300 !g/m3 )

60 pglm3

150 pglm3

0.24 ppm
( 1 60 pslm3 )

0.08 ppm
( t 60 pslm3 )

9 ppm

{10 mg/m3)

35 ppm
(40 mg/m3)

8hr

't hr

"All standards except annual average are not to be exceeded more than once a year.
o Nitrogen dioxide is the only one of the nitrogen oxides considered in the ambient standards.
cMaximum 3 hr concentration between 6 and 9 AM.
Source: ER, f able 2.7'7.
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Fugitive dust assocjated with construction of the facility wili average about 2.3 to 4.6 MT/ha
(1 to 2 tons/acre) per month.2 Based on a land requirement of about ]40 ha (gSO acres)r con-
struction act'ivities are expected to create about 

.|00 to 200 g/sec of part'iculates. Annual
average atmospheric concentrations of particulates were calculated by the staff using the
x/Q values (Appendix E, Table E.l) for the 16 compass directions at a distance of 2.4 km
(1.5 miles). The average of these l6 concentrations indicates that part'iculate loading caused
by construction wi'I1 range from 26 to 52 ug/m3. The addition of these concentrations to those
of the natura'l background (Sect. 2.2) will result jn occasional violation of State and Federal
air quality standards (Table 4..l); however, these are conservative calculations because the
x/Q values assume a point source. The construction activities actually wiil be widespread,
creating many scattered diffuse sources. Furthermore, the larger dust particles will deposit
rapidly, another condition not accounted for in the calculation. Although dust may cause
occasional localized degradation of the air quality at the site, the duration will be only
during the l4-month construction phase. To minimize fugitive dust, al'l haul roads and active
work'ing surfaces will be watered or treated with stabil'iz'ing agents (ER, Sect. 4.6).

4.1.2 Operation

Air quality during operat'ion of the fac'ility could be affected by atmospheric re'leases prin-
cipally from the crushers, sampling bins, feeders, building and processing boiler, diesel
generator, tailings disposal system, and ore stockp'i1es. Estimates of emiss'ions from each
primary source and their release heights are listed in Tab'le 4.2. In addition,'insignificant
quantities wi'll be released from other sources inciuding the ore transport systems, acid leach
system, solvent extraction process, yellow cake precipitators and thickeners, and dry'ing furnace.

Table 4.2. Emission rates, sources, and release heights of major ait pollutants

associated with operation of the Shootering Canyon Uranium Prolect

Air pollutant
and source

Average

emission rate
(s/sec)

Release heighC
(m)

Suspended particulates

Crushers, sampling
bins, and feeders

Boiler
Diesel generator

Ore stockpiles
Tailings

No"
Diesel generator

Boiler

SOz

Diesel generator

Eoiler

0.3

0.001
0.62
0.31

0.005 ;

8.7
0.016 

,

0.58
0.107

24

11

il
1

1

tt
1t

l1
t1

aRelease heights were chosen

centrations.
Sources: ER, Tables 3.5-1

"Responses to NRC Ouestions on
Canyon Uranium Project," San

Environmental Statement, Sect. 3,

to reflect the maximum resultant air con'

and 3.5-2; Woodward-Clyde Consultants,

the Environmental Repon for the Shootering
Francisco, Calif., Aug. 29, 1978t and this

Atmospheric dispersion coefficients (x/Q) for each re1ease height are listed in Append'ix E,
Tab'les E.1 through E.3. Assuming all processes are operating concomitantly, annual average
atmospheric concentrations of particulates, S02, and N0- at the property boundary to the north
were calculated by the staff to be approximately 2, 26,-and 3 ug/m3 respectively. These
concentrations arL well below app'licab'le Federal and State air quality standards (Table 4..|).
The applicant calcu1ated the maximum ground-level atmospheric concentrations of the major
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pollutants using the Environmental Protection Agency Va11ey Model (ER, Supplement S2, Sect. 5.3).
Results are as follows (ER, Table 52-5.3-1): particulates, annual average = 5 vg/n3,24-hr
average = 76 vg/m3 I S02, dnnudl average ^ 2 vg/n3,24-hr average = l5 ug/m3, 3-hr average.l40 

uglm3; NOz, dnnual average = 30 ug/m3; C0, B-hr average = 380 uglm3, l-hr average = 93 ug/m3;
hydrocarbons,3-hr average = .l00 

uglmr. These values are substantially below the applicable
Federal and State standards (Tab1e 4.1). To minimize dust emissions from the tailings impound-
ment, the applicant will keep the tailings surface wet at all times.3 41so, ore that is
delivered to the patio but not immediately processed will be stockpiled and wet with a sprinkler
system to minimize wind dispersion of particulates.3 The sprinkler heads are easily transported
from one place to another and will be used as required to control visible dust emissions during
transfer operations and/or windy conditions.+ Haul roads will be watered with conventional
watering trucks as required by wind and/or traffic conditions.q

Although operation of the mill facility should not have a significant'impact on a'ir quality,
Utah's Air Conservation Regulations5 require that air pollution control equipment and processes
be selected and operated to provide the highest efficiencies and lowest discharge rates that
are reasonable and practical. Although the degree of control is subject to approval by the
State Air Conservation Committee, the control must be a minimum of 85%. Utah regulations also
restrict the sulfur content of oil, used as fuels, to .|.5% or less.

Regulations promulgated by the U.S. Environmental Protection Agency6 require any major source
of air pollutants to comply with the Prevention of Significant Deterioration (PSD) regulations.
Initial indications are that suspended particulates associated with operation of the mill will
exceed the 24-hr PSD allowable increment. The applicant will be required to make modifications
to bring the level of suspended particulates into compliance with PSD regulation.

4.2 LAND USE

4.2.1 Land resources

4.2.1. I Land use and aesthetics

The construction and operation of the proposed mine and ore processing facility will affect
approximately 140 ha (350 acres) (Tab]e 4.3). The major impact w'ill be conversion of low-
density grazing and open-space areas to industrial use (ER, p. 4-4). A secondary impact, the
development of the Ticaboo Subdivision in School Section No. I6, wilI convert a square mile of
open space area into a small commercial and residential center. Although efforts have been
made, at least by the developers of Ticaboo, to minimize the visual impact on the landscape,
the presence of the mill and mine as well as the subdiv'ision will fundamentally alter the
existing visual landscape. These impacts, however, have not been determined as unacceptable
by the State of Utah, nor have they been judged unacceptable in an independent study.

4.2.1 .2 Agricul tural

Construction and operation of the mitl facility will disturb about .l40 ha (350 acres) of land
(Table 4.3). Based on an estimated average of 0.022 animal unit months (AUMs) per acre
(Sect. 2.5.1.2), this loss equals about 8 AUMs, or a loss of potential grazing land for
eight cattle or 40 sheep for one month each year the land is disturbed. Based on the capacity
of the tailings impoundment, the mill has the potential to operate for a total of 20 years.
The tailings impoundment dam, however, will be constructed in two stages. The first-stage
dam will be sufficient to impound tailings for about seven years. At this time, the second
stage will be constructed, and portions of the borrow areas will again be disturbed. The
borrow areas probabiy will not be reclaimed until the second stage of construction is completed.
The actual duration of disruption of the land will depend upon the time required for construc-
tion, the length of time between disturbance and reclamation, and the length of time it takes
for a suitable vegetative cover to become established. Furthermore, because of the difficulty
expected in reclaiming land in this area (Sect. 6.2), a realistic estimate of the amount of
tjme between the end of construction and the return of the land to its existing climax com-
munities is at least 35 years for those portions of the borrow areas disturbed during con-
struction and 50 years for the remaining disturbed areas (ER, Sect. 4.8). Because the access
roads will not be reclaimed, this area can be considered a permanent loss of agricultural
land. The applicant does not plan to reseed the tailings impoundment area; the final cover of
this area will consist of about 0.3 m (l ft) of sand, gravel, and cobbles.a Any vegetation
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Table 4.3. Approximate land requirements for the Shootering
Canyon Uranium Projea

Expanse to be disturbed

Process plant, ore storage
yard, and access road

Tailings impoundment

Borrow areas A, B, C, and Da

Borrow area Eb

Borrow area Fc

Aggregate borrow area

Total

18

28

?a

10

34

4

140

44

70

92

48

85

10

94e

aAssumes a total of 686,700 m3 (898,100 yd3) of borrow material
with an average depth of cut of 1.8 m (6 ft).

6Assumes 237300 m3 (310,300 yd3)of borrow material with an

average depth of cut of 1.2 m (4 ft).
cAssumes 1,147,000 m3 (1,500,100 yd3) of borrow material with

an average depth of cut of 3.4 m (11 ft).
Sources: Woodward-Clyde Consultants, "Responses to NRC Oues-

tions on the Environmental Report for the Shootering Canyon Uranium
Project," San Francisco, Calif,, Aug.29,1978; Plateau Resources, Ltd.,
Tailings Management Plan and Geotechnical Engineering Studies,
Shootering Canyon Uranium Project, Garfield County, Utah, prepared

by Woodward-Clyde Consultants, San Francisco, Calif., September
't o7c

that becomes estab'lished on the tailings impoundment will be the result of natural secondary
succession. It is expected that such vegetation would take considerably longer to become
established, if at a'll, and would consist primarily of jnvader, weedy species that are unde-
sirable for grazing. Consequently, the 28 ha (70 acres) requjred for the taiiings impoundment
shou'ld also be considered as a long-term loss of rangeland unless other reclamation p'lans are
implemented (Sect. 6.2). All remaining disturbed areas will be reclaimed to return the land
to its original use as rangeland and wildlife habitat (Sect. 6.2).

D'iversion of about .|40 ha (350 acres) of rangeland from its present use for each year of
disturbance represents an incremental loss of less than 0.003% of the private rangeland in
Garfie'ld County. Such a loss is beljeved to be relatively insignjficant. l^lith successful
reclamation (Sect. 6.2), about 80% of this land can be returned to its original grazing
capaci ty.

4.2.? Historica'l and archaeological resources

Because there are no historical sites c'loser than 8 km (5 miles) from the project site, no
effects from the project on such sites are expected to occur. A small area of lithic scatter,
a portion of which would have been disturbed by road construction, was found on the site
(Sect. 2.5.2.3). In the opinion of the State archaeoiogist, the site does not have the potential
to be'listed in the National Register; however, a'll art'ifacts in the area to'be.disturbed
will be salvaged by the State of Utah.

After consultation with the State Historic Preservation 0fficer, the NRC has determined that
the Shootering Canyon Uranium Project will not affect any properties included in or eligible
for inclusion in the National Register (See Appendix H).

I

{
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4.3 WATER

4.3. I Surface water

The construction and operation of the uranium mill should have minimal impact on the surface
waters of the project site and vicinity. During construction of the mill, the ground surface
will be disturbed by grading, excavation, road access, spoil and topsoil storage, and other
construction-related activities. The soils of the project vicinity are normally subject to
erosion due to lack of consolidation and poor vegetative cover (Sects. 2.8 and 2.9'1). The

construction activities wiII result in increased turbidity levels in the lower portions of
Shootering and Hansen creeks because of greater erosion during rainstorms. The applicant
plans to minimize the potential for erosion by seeding disturbed areas' grading to.control
runoff velocities, constructing dikes around surface soil stockpiles to cause ponding of
rainfall, and disposing of sanitary effluents through underground septic systems. In addition'
the entire area of the ore processing facility will be graded and shaped so that al'l runoff
will drain into the tailings impoundment. The tailings impoundment will collect runoff from
the mill site and the drainage basin above it. Consequently, the primary source of increased
turbidity will be from road construction.

Durinq the infrequent periods of flow, the streams in the project area are normally highly
turbii (Sect. 2.d.t). Although it is not possible to quantify the increase in suspended
solids concentrations that will result from construction-related erosion, it is not expected
to be great.

The site will be graded so that all surface runoff from the mill wt'l.l drain into the tailings
impoundment and be retained there. Sanitary waste discharged at an estimated average rate of
0.2 m3/min (62 gpm), will be treated in septic tanks and dispersed through buried leach
fields. Retention of runoff from the upper portion of the Shootering Creek drainage basin
could result in a reduction in both t-he volume and suspended solids concentration of
storm-induced flows below the tailings impoundment. The staff does not anticipate sig-
nificant impacts on surface-water quality from any of these events.

There will be no planned, direct, surface discharges from the tailings impoundment during
ooeration of the mill. A minimum embankment freeboard of either 3.4 or 4'0 m (.l1 or]3 ft)
witt Ue maintained durinq mill operation to contain within the impoundment al1 upstream runoff
resulting from a design itorm,T which is considered to be the probable maximum.6-hr
precipitition (PMP) pius 40% of the 6-hr PMP plus the 10O-year 6-hr precipitation, al1 occurring
in direct succession. The freeboard will also be sufficient to avoid overtopping caused by
wave action coincident with the design flood. 0n1y in the event that this sequence of
storms is exceeded during operation will runoff be discharged from emergency spillways in
the embankment.

0vertopping of the tailings embankment by major floods occurring after-the cessation of
activities-at the site wiil be prevented by a sp'i11way channel 3.7 m (12 ft) below the final
crest of the dam. Because dried tailings within the'impoundment will be capped by compacted
clay and covered with rock, discharges from the spillway at this time are not expected to have
a significant impact on surface water quaiity.

Project operations will have no noticeable effect on the amount of water reaching Lake Powell.
It js also considered unlikely that surface waters will be contaminated by seepage from the
tai l ings impoundment.

4.3.? Groundwater

The applicant will pump an average of .l.9 x .l03 
m3/day (348 gpm; 538 acre-ft/year) of water

from we11s completed in the Navajo aquifer. There are no other local users of water from
this aquifer, which eventually discharges into Lake Powell south of the site (Fig. 1..l). The

Carmel Formation, an effective aquiclude, lies between the Navaio aquifer and the Entrada
sandstone that forms the basin in which the tailings impoundment is located. Project opera-
tion will have no noticeable effect on the amount of water reach'ing Lake PowelI, and potential
contamination of the water'in the Navajo Formation is not credible.



As described in Sect. 3.2.4.7, the applicant proposes to ljne the tailings impoundment with"a
compacted clay liner and to install and operate systems for drainage and neutralization of
tailings liquids. Although the effectiveness of such drainage and neutralization systems
has not yet been demonstrated, no potentia'l groundwater contamination by radionuclides and
only minor potential for intrusion of other inorganic materials into the groundwater tab'le
some 30 m (100 ft) below the impoundment is.expected.

If the proposed l'iner and drainage system perform as expected, seepage from the impoundment
would be negligibie. However, if these systems do not function properly, the compacted liner
must be capable of minimizing seepage. Therefore, the liner will be required to have a per-
meability no greater than I x'10-7 cm/sec (O.t ttlyear). The maximum seepage rate from the
tai'linqs d'isposa'l area, without operation of the drainage system, would then be approximately
0.8 x iOq m3 (55 acre-ft) per year, or about]85 m3/day (34 gpm). Because of the calcite con-
tent of the Entrada sandstone underlying the proposed tailings disposal site, it is expected
that tailings liquid would be neutralized either in the impoundment or in the bedrock under
the impoundment.

It is consjdered unlikely that any measurable contamination of the groundwater' about 30 m

(.l00 ft) below the impoundment, in the Entrada would occur. It is equa'l1y unlikely that any
present surface water sources wou'ld be affected or that new seeps would appear in Shootering 

-
Canyon as a resu'lt of the project. Because of the net evaporation rate in the area, the staff
expects essentially no seepage from the tailings after reclamation.

4.4 MINERAL RESOURCES

In the ore to be processed, no minerals besides uran'ium are present in quantities that
permit extraction under present processing costs and product price leve1s. In the future if
these minor ore constituents (e.9., vanadium) are needed, the tailings impoundment cou'ld be
mined and processed. The staff considers that no impact on mineral resources other than
uranium will occur.

4.5 S0rLS 
:

Construction and operation of the facility wil'l disturb about .|40 ha (350 acres) (Tab'le 4.3).
Soi]s over most of'the site (including all borrow areas except F as shown in ref. 8' Fig. 5)
are generally sandy in texture, modified in some places by gravel or cobble at the surface
(Sect. 2.8). Except for a greater bulk density with depth, horizon development is generally
not apparent (Sect. 2.8). The undifferentiated soil profile with poor moisture-holding
capacity and little organ'ic content characterizes the low natural fertility of the topsoil.

Abcut 0.3 to 0.6 m ('l to 2 ft) of loose, fine-sand topsoil will be removed from the plant siteg
and used as fil'l in the ore storage area.+ Topsoil in the impoundment area, also large]y
drift sand, will be.used as borrow in construction of the tailings'impoundment dam.+ The
access road will be constructed over existing topsoil. Therefore' al'l topsoil on these areas'
wi'l'l be effectively 1ost. The top 0.6 m (2 ft) of soi'l will be removed from a'll borrow areas
and stockp'i1ed on 

-portions of the'borrow areas not utilized initia11y.8, Remova'l of topso]l 
.

w'il1 disrupt existing physical, chemica'I, and biotic soil processes. Although topsoil will be

replaced upon termination of the project operation (Sect.6.2), a temporary decrease in natural
soil productivity is probable.e

Removal of topsoil and natural vegetation will accelerate wind and water erosion. Genera'lly,
these impacts will be the greatest during the construction phase, which is expected to last
l4 months. To minimize fugit'ive dust resulting from constructjon activity, the applicant will
water and/or treat with sdbilizing agents a'll-haul roads and active working surfaces (ER,

iiii; t 'l; ;n
PT Effif,ing erosion of the stockpi'l es.

Soil compact'ion resu'lting from grading and operation gf heavy equipment will increase runoff,
erosion, and sedimentation. No ditches will be provided for diverting runoff' because all run-
off from areas above the impoundment areas, including runoff from the plant area, wil'l f'low
directly into the tailings impoundment. Although sediment transfer wi'l'l be increased within the
site, the location of the mil'l facilities and tailings impoundment (Fig. 2.a) shou'ld minimize

4-6
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sediment transfer from the site. All borrow areas except F (ref. B, Fig. 5) will essentially
be bas.ins; therefore, sediment transport is not expected to occur from these areas. Any water
accumulating in these borrow areas is expected to seep downward and/or evaporate. Borrow area
F exists naturally as a cliff.E To minimize erosion and sedimentation from this area the staff
recommends creating a sediment catch basin on the downgrade side of this borrow area prior to
removal of material.

During operation of the mill, soil over much of the site will be stabilized by gravel and the
presence of structures. In addition, the topography of the area allows runoff from the site to
accumulate in the tailings impoundment. After mi11 operations cease, the applicant plans to
p'lace gravel, cobbles, and boulders on the face of the impoundment dam to protect it from
eros l on, -

Upon terminating operations, the applicant plans to grade and reseed all remaining disturbed
areas except the access road and tailings impoundment area. The access road will be left in
place to be used during periodic mon'itoring and maintenance visits. The taiIings impoundment
will be reclaimed to meet NRC's radiological safety standards (Regulatory Guide 3.8). The
applicant's proposal includes the establishment of vegetation on this area through natural
secondary succession; however, these plans do not meet the revegetation requirements of Utah's
0il and Gas Conservation Act,I0 and the staff has recommended appropriate action (Sect. 6.2).
Generally, the State reclamation law requires establishment of a soil medium that is.capable
of sustaining vegetation without irrigation or continuing soil amendments (Sect. 6.2).
Assuming reclamation efforts will be successful, long-term impacts to the soil are not expected
to be significant.

4,6 BIOTA

4.6.1 Terrestrial

The primary impact of construction and operation of the mill and tailings disposal system
will result from loss of habitat. Although some vaniation exists in the type of vegetation
that will be removed, predominately a blackbrush/Mormon tea association, the area is not
known to be critical habitat for any wildlife species in the area. Therefore, because similar
rangeland is common throughout the region (Sect. 2.5), it is expected that the temporary
inaicessibility of this relatively sma11 parcel of land to wildlife, while representing an

incremental loss, will not significantiy reduce the amount of habitat for any wildlife
popu I ati ons .

Land clearing, operation of heavy equipment, and other construction activities will destroy
small animali ttrat move too s1ow1y to escape or that retreat to burrows for protection. 0ther
animals will be displaced and may be lost because of predation or increased competition for
food, terlitory, and other habitat requirements. Although many of these species are important
members of the food chain, their population densities are believed to be low, and their loss
on the site would represent a relatively insignificant regional impact. Habitat that will be

disturbed as a result of construction and operation of the mi11 represents less lhan 2% of
similar habitat within a 4.8-km (3-mi le) radius of the site'

Suspended particulate matter will be emitted into the air by construction activities (Sect. 4..l).
i6eie particulates will eventually be deposited in part on the surrounding vegetation,thereby
reducing plant vigor or causing t-he plants to be less palatable. Gaseous emissions from internal
combustioh enginei may also inierfere with the physiological processes of the vegetation.
Aiifrougn the fragnituJi ot these potential impacts-"is nol known, it is expected to be negligible.
flo iigiiti.unt ieleterious effects have been demonstrated at other construction proiects of
sim1lir or greater magnitude. Moreover, if any impacts do occur from fugitive dust and/or
gaseous emissions, they should be minor and short-term.

Few data are available to demonstrate the effects of noise on wildlife, and much of what is
available lacks specific information concerning noise intensity, frequency, and duration of
.*porr...tI probably, the noisiest period of construction will be during construction of the
tiitings impoundment-dam. Some typical ranges of sound levels from cornmon construction
iitiuiii.r ire listed in Table 4.4. Such noise is not expected to seriously affect the area

wildlife. The noise initially may cause migration by some wildlife away from the immediate

site viiinity, but those that remain or return will generally become habituated to construction
noises and activities, 11
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Table 4.4. Sound levels from consttuction equipment

Sound.level, dB(A) at indicated
distance from source

l5m JUM 61 m 152 m 305 m

Trucks, cranes, bulldozers, etc.,
with diesel-type internal
combustion engines

Air compressors and other
stationary sources, typically
diesel powered

Pile driver

Front-end loaders

70-95

76-86

105

73-86

64-89

70-80

oo

67-80

58-839

64-74

61 -74

50-75 40-69

56-66 50-60

85 79

53-66 47-60

asound levels above 80 dB(A) are usually produced by a combination of several pieces of equipment
operating at the same time.

Source: U.S. $nate, Beport to the President and Congress on Noi*, Senate Document 96.63. U.S.
Government Printing Office, Washington, O.C., 1912.

Because the tailings level in the pond will rise at a rate that would likely preclude the
establishment of rooted vegetation and because the water will be high in aiisiiivea-solids evenafter partial neutralization with mine wastes, it is not expected tFat wild.life wi.ll use the
area.even. though it is the only perennial surface water within severa'l miles. A few waterfowl0r other birds may rest on the impoundment for a short time during migration, however, andraptors may.seek prey around the impoundment. Although potentially hirmful imounts of radio-nuclides and other contaminants will be present in the tiit'ings pond, the effecti of occasionalwild'life usage of this water is unknown. The staff, therefor6, i"ecommends that the applicant
monitor the use of the impoundment by wildl'ife (Sect. 6.5.'l). The tailings dispoial ii"ea anAmill site will be surrounded by a wire fence designed to restrict entry oi targL-mimmats.
Foliowing termination of the mii'l operations, the tailings disposal aria will iemain fencedunti] released from its status as a restricted area. I 

-

Increased human.population associated with.construction and operation of the mill will idverselyaffect most wildlife in the area. Although.some species may benefit from large human popula-tions, most of the larger mammals will abindon habitats in itose proximity to-inlense numanactivity. Additional. stress-wil1 be piaced on the terrestrial bibta as a-resu'li-oi g..ut""
hunting pressure (both 1ega1t.y_ql9 iliegally) and destruction of habiiat-bv-oii-roia recrea-tional vehicies. Increased wildlife loises-are expected to occur as a res-ult of gieater
vehicular travel on highways.

None.of.the proposed.endangered plant speciesl2 with documented'distributions in San iluan
99fl'ty'.'are expected to occur on the facility site or in the immediate vicinity (Sect. 2.9.1..l).
f],llgrst,the.endangeredl4,American peregrine ialcon (Faleo peregrinus anatwn) iird'uatd eagle
\HaLLaeetus.L.eueocepha.Lus) range in the vicinity of the site, lack of suitable habitat indicatesa l0w probability of these species utilizing the prgiect site for feeding or nesting. There-fore construction and operation of the proposed mill-should have no slgniricani-impict onendangered species. .r

4.6.2 Aquatic

Because there are no permanent aquatic habitats between the proposed mill site and Lake powell
(Sect. 2.9.2) and construction and operation.of the mltt witi pi.oau." no direct discharge, pro-ject operation is not gxpected to affect either the amount or the quality or ttre-wiier ieich-ing Lake Powell. Loca'lized increases in erosion and turbidity (s.ii.4."3.ii iiip".i"a to have
3l:iI99!-9! aquatic biota in Lake Powell; therefore, no unacleptable impaci io'iqruti" tiotu'|s Dre0rcted
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4.7 RADIOLOGICAL IMPACTS

4.7 .1 Introduction

The primary sources of radiological impact to the environment in the vicinity of the proposed

Shootering"Canyon Uranium Project are naturally occurring cosmic and terrestrial radiation
and naturilly occurring radon-222. The average whole-body dose rate to the population in
the site vicinity, inciuding doses from natural background radiation and diagnostic medical
piocedures, is esiimated to be about 

.'176 millirems/year (see Sect. 2..10).

Th.is section describes the results of the staff's analysis of the mill-contributed incremental
radiological impacts to the environment and the population in the vicinity of the Shootering
Canyon iroject.' This analysis is primarily based on the estimated annual releases of
radioaciive materials given in Table 3.5 and the models, data, and assumptions discussed in
Appendix D. Detailed inalyses of the radiological impacts of mill operations to nearby
inbividuals and the entire population within B0 km (50 miles) have been performed. All
potential exposure pathways tikety to result in significant fractions of the mill's total
radiological impact have 

-been 
inciuded (FiS. a.l). Consideration has also been given to the

occupational exposure received by mi11 emp'loyees and to radiation exposure of biota other
than man.

I NHALAT I ON

I NGEST I ON

Fiq. 4.1. Sources of radioactive effluents from the mill and exposure pathways to man.
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4.7.2 Exposure pathways

Potential environmental exposure pathways by which peopie cou'ld be exposed to radioactive
mi'll effluents are presented schematically in Fig.4.1. Estimates of'dose commitments to
man have been based on the proposed plant design and actua'l characteristics of the site
environs. The stEff's analysis has included considerations of radioactive particulate and
gaseous releases to the atmosphere.

The mjll will not release radioactive waste directly into surface waters. However, thepotential for the contamination of groundwater by seepage of leached radionuclides from the
ore storage piie does ex'ist. Routine sampfing of nearby we1'ls and springs wilj be performed
to monitor the potential seepage. Aithough there is a possibility of some seepage of
radioactive liquids from the taiiings impoundments into the groundwater system, ihispossibility is considered remote, and no significant contribution to dose via iiquid
'pathways 'is expected. Furthermore, the applicant will be requ'ired. to conduct environmental
and.other monitoring Programs to provide ear'ly detection of any seepage that might occur andto take appropriate mitigating measures.

Environmental.exposure pathways of concern for airborne eff'luents from.the Shootering Canyon
mil'l include inhalation of radioact'ive materials in the air, externai exposure to raiioaciive
materia'ls in the air or deposited on ground surfaces, and ingestion of contaminated food
products (vegetables and meat)

4,7.3 Radiation dose connitments to individuals

At present, the nearest residents to ttre proposed site are the Plateau Resources,.Ltd.,
employees-living at the mine camp about 5.6 km (3.5 miles) north of the mill site (ER,-
F.19.2-t7-z)-and,the residents at Bulifrog Basin Marina [2i km (.l3 miles)] south of'the facility
(ER' Plate.2.2-l). The nearest residence when mili opeiat'ions'begin wiii Ue tocated at the
proposed Ticaboo townsite 4.2 kn (2.6 miles) south-southwest of the mill site (fig. :.t).
The-facility will be located on miil site claims. Approximately 89% of the surrounding iandof Garfield,County-is Federally owned.. Land uses around the mill site include graz'ing-and
recreation (Glenn Canyon National Park). It is assumed that beef cattle could 5e grazed.|.3 

km (0.8 mile) north of the proposed facility and that the meat could be eaten 5y local
residents. The calculated'ingestion doses for consumption of beef grazed at this l-ocation are
comparable to those for other nearby locations at which grazing cou'ld occur.

Tab'le 4.5 presents a summary of the individual dose corrnitments calculated for mine camp resi-
dents, for future residents of the town of Ticaboo, and for residents of Bullfrog Basin'Marina.
Residents of Ticaboo and the marina were assumed to'ingest vegetables grown closE to home and
meat from cattle grazing at the location identified above. The resulting ingestion doses arelisted. No ingestion doses for mine camp resiclents are included because-it is expected that
the camp will be shut down by the time mill operation is starterd. Inhalation and'external doses
calculated for the mine camp location are included in the event that occupancy by some indi-
viduals is required temporarily after mil'l start up for dismantling the elisting-facility and
campsi te.

4.7.4 Radiation dose commitments to populations

The annual doses to the population estimated to exist within 80 km (50 miles) of the site in
the year 2000 are presented in Tab'le 4.6 along with estimated annuai doses t6 the samepopulation from natural. background radiation..sources. Population dose commitments resulting
from the operatjon of the Shootering Canyon Uranium Projett represent no more than about 4%-of the doses from natural background sources. 

,

4.7.5 Evaluation of radiojogical impacts on the public

All radiation doses calcu'lated to result to the surrounding population from uranium miiiing
operations at the Shootering Canyon site are small fractions of those arising from naturalTy
occurring background radjation (see Table 4.6). They are a'lso small when cotpared to the
average medical and dental x-ray exposures current'ly being received by the pubtic for diagnostic
purposes.

I

I
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Table 4.5. Annual dose commitments to individuals from radioactive

releases from the Shootering Canyon Uranium Proiect

Dose (millirems per year)
Exposure
pathway Total body Bone

. Bronchial
LUNq" eprtheltum'

Ticaboo,4.2km Inhalation

south-southwest Externalfromcloud
External from gound

I ngestron, vegetatlle
r ngesron, meatb

Tota I

l\4ining camp,
5.6 km north

Bullfrog Basin

Marina, 21 km
south

I nhalation
External from cloud
External from ground

Total

lnhalation
External from cloud
External from ground

Ingestion. vegetable

Ingestron, meat

Total

3.60 6.64 29.7
0.323 0.323
0.388 0.388
4.31 7.35 25.1

1.35 2.66 35.0

0.360 0.360
0.160 0.160
0.759 0.063
5.91 0.675

9.54 3.92 35.0

0.066 0.1 19

0.010 0.010
0.007 0.007
0.037 0.003

6.91 0.675

7.03 0.814 0.564

0.119
0.323
0.388
0.830

0.045
0.360
0.1 60
0.063
0.675
1.30

0.002
0.01 0

0.007
0.003
0.675
0.697

0.564

aDoses to the bronchial epithelium result from the inhalation of the short-lived radioactive

daughters ot Rn-222.
bMeat ingestion doses result from ingestion of the meat of cattle grazed 1.3 km north of the

mill

Table 4.6, Annual population dose commitmentf
within an 80-km (S0-mile) radius

of the mill site

Receptor
o rgan

Dose (man'rems/per year)

Plant effluents Natural backgroundo

Total body

Lung

Bone

1.50

10.5

6.13

329

JZV

329

1632Bronchialepithelium 66.0

aBased on a proiected year'2000 population ot 3?62.
bThe estimated natural background dose rate to the whole

body is 101 millirems/year. The bronchial epithelium dose

from naturally occurring radon-222 is assumed to be 500

millirems/vear (Sect. 2.1 0).

Calculated annual individual dose cornmitments are only small fractions of present NRC limits
for radiation exposure in unrestricted areas' as specified in l0 cFR Part 20' "standards for
Protection Against Radiation." Dose commitments to actual receptors are also we]l below
limits sDeciiied in the EPA's "Radiation Protection Standards for Normal 0perations of the
Uranium Fuel Cyc1e" (40 CFR Part 190), which is to become effective for uranium milling
operations in December 

.|980. Table 4.7 provides a comparison of maximum calculated annual
dose commitments with the radiation exposure'limits of l0 CFR Part 20 and 40 CFR Part l90.
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As ind'icated in Table 4.7, the radiation dose conrnitments to the organs of the individuals
fiving nearby fall below both NRC and EPA limits. However, these doses are contingent on the
applicant's capacity to control the tailings pile emissions, as stipulated in Sect.3, as we]l
as other mitigating procedures involving the wetting of ore piles and enclosure of the ore
bins. To ensure that offsite doses are maintained below the permissible limits, the staff will
require the applicant to (l) implement a monitoring and control program at the tailings impound-
ment involving groundwater seepage, dusting of part'iculates, etc., and (2) perform and document
land use surveys to determine any variations in land use (e.g., for grazing, residence, and
wel 1 'locati 

ons ) .

Table 4.7. Comparison of annual dose commitments to individuals
with radiation protection standards

Receptor
organs

Estimated annual
dose commitmentst

Radiation protection Fraction of
standards standards

Total body 0.135 millirem per year 25 millirems per year
Bone 3.60 millirems per year 25 millirems per year
Lung 6.63 millirems per year 25 millirems per year
Bronchialepithelium 29.7 aillirerns per year NAc

Total body
Bone

Lung

Bronchial epithelium

Total body
Bone

Lung
Bronchial epithelium

Mining camp, E,6km north

Present NRC regulation (10 CFR Part 201

0.830 millirem per year 500 millirems per year
4.31 millirems per year 3000 millirems per year
7.35 millirems per year 1500 millirems per year
0.0003 wLa 0.033 wL

Future EPA standards (40 CFR Part 1901b

T icaboo, 4. 2 k m south-e ut hwest

- Present NRC regulatim (10 CFR Part 201

1.JQ millirems per year 500 millirems per year
9.54 millirems per year 30(X) millirems per year
3.92 millirems per year 1500 millirems per year
0.0004 wL 0.033 wL

0.0017
0.001 4

0.0049
0.010

0.0054
0.14
o.27

NA

0.0026

ri.oogz
0.0026
0.012

0.032
0.36
0.13

NA

. Future EpA standards (40 CFR part l90l
Total body 0.788 millirem per year 25 millirems per year
Eone 9.00 millirems per year 25 millirems per year
Lung 3,37 millirems per year 25 millirems per year
Bronchial epithelium 35.0 millirems per year NA

aRadiation standards for exposures to Rn-222 and daughters are expressed in working revers(wL), that is, the amount of any combination of short.rived radioactive decay products of
Rn'222 in 1 liter of air that will release 1.3 x los Mev of alpha particle energy during their
decay to Pb.210 (radium Dl.

DDoses computed for evaluation ofcompliance with 40 cFR part lgo are less than total
doses because dose contributions from Rn-222 rereased from the site, and any radioactive
daughters that grow in from released Rn-222,have been eliminated. Limits in 40 cFR part 1go
do not apply to Rn-222 or its radioactive daughters.

cNot applicable;40 CFR part gO does not include doses from Rn.222 daughters.

I

4.7.6 Occupational dose 
,

uranium mil'ls are designed and built to minimize exposure to radiation of both the mill workersand the general public. In addition, occupational bxposures for workers are monriioreo andare-kept below NRC limits, in accordance with the reqirirement of mainiaining iu.t'-ixporrr.tas low as is reasonab-iy achievable. 
I

"l
I

I

i

I

I
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Special studiesls at selected mills have shown that the exposures of mill workers to airborne
radioactivity are normally beiow ?5% of the maximum permissible concentrations given in
Appendix B of l0 CFR Part 20 and that external exposures are normally less than 25% of l0 CFR

Part 20 1iri1t.1s,16 A recent reviewlT of mill exposure data by the NRC staff has indicated
that only a few uranium mill employees may have exceeded, over a one-year period, 15 to 20% of
the permissible exposure to ore dust, 25% of the permissible exposure to yel1ow cake, or 10% of
the permissible exposure to radon concentrations. Except for a few individuals, the combined
exposure of an average worker to these radioactive components over a one-year period probably
does not exceed 25% of the total permissible exposure.

4.7.7 3g_$olosical impact o

Although no gu'idelines concerning acceptable limits of radiation exposure have been establ ished
for the protection of species other than man, it is generally agreed that the limits for humans
are also conservative for those species.ls-2s Doses from gaseous effluents to terrestria1
biota (such as birds and mammals) are quite similar to those calculated for man and arise
from the same dispersion pathways and considerations. Because the effluents of the mill will
be monitored and maintained within safe radiological protection limits for man, no adverse
radiological impact is expected for resident animals.

4.8 SOCIOECONOMIC IMPACTS

The proposed site of the Shootering Canyon Uranium Project is in a remote area jn southeastern
Utah where the local labor supply within daily commuting distance is not sufficient to support
the construction and operation of the mill. As a consequence, labor for the project must
migrate to the area.

Providing housing for both the construction and the operation work forces is a major problem
confronting the applicant (Sect. 4.8..l). In addition, the importance of the relationship
between a satisfactory social environment for workers and its effect on turnover rates,
absenteeism, and worker productivity has been recognized by the company. The applicant
concluded that it would be economical and within the company's interest to support the efforts
of a private developer to create the Ticaboo Subdivision, a "new town" 4.2 kn (2.6 miles)
south of the mill site.a

The staff considered two other options, one of which was hiring a work force from Hanksville.
The absence of housing and services at Hanksville, however, means that any major influx of
people into the community would create both major dislocations in the provision of existing
services and severe financial problems for Wayne County, which unlike Garfield County would
receive no tax benefits from the mill. The other option considered by the staff was the
expansion of the existing mining camp. This option is also unsatisfactory because of the
location of the camp in a potentially hazardous flash flood area. More'importantly, the
likelihood that the company would develop a relatively stable work force in a short period of
time by either alternative option is greatly reduced. The development of a housing project
that provides, with public and pnivate support, a small service infrastructure appears to be a

satisfactory solution. The development of such a community, however, is always risky, and its
viability in the absence of the mi11 project is a major question. The presence of Bullfrog
Marina and the demand for motel rooms, retail products, and recreation homes that might be
generated by the expanding tourist population (Sect. 2.4..l.3) increase the feasibility of this
type of cornmunity. Thus, discussion of the socioeconomic impacts of the proposed project will
assume that plans for the development of the Ticaboo Subdivision continue. Because projects
such as Ticaboo do not develop without careful planning and investment of time and money by
interested parties prior to construction, however, the staff felt it necessary to provide an
independent assessment of the feasibi'lity of the Ticaboo development so that major impacts could
be defined (Appendix C).

4. B. I Popul ati on i ncrease and d i s tri buti on

4 . 8. I . I Cons tructi on peri od

The population in the eastern part of Garfield County is expected to increase by 500 to 600
people as a consequence of the proposed construction of the Shootering Canyon mill, the
operation of the Plateau Resources mines, and the development of the Ticaboo Subdivision. Most
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of this population wi'll live either temporarily or permanently at the Ticaboo Subdivisjon, the
min'ing camp, or Bullfrog Marina (Fig. .l.1). 

0n1y a few workers wilI commute on a daily basis
from Hanksville. This influx (Sect. 2.4) will result in a peak populat'ion during the
c*onstruction period of between 700 and 800 people.

The above estimates were derived using the fo1'low'ing information and assumptions.. Consu'ltants
for the applicantq estimated a peak construction work force of approx'imately 225 workers
and an average work force of .|80 by assuming 75% of the workers (peak load) to be sing'le (or
married with families absent) and25% to be narried with families present.- In addition, it
was assumed that the latter workers would settle permanently in the area in anticipation of
obtaining permanent employment at the mill after construction.q

For the construction of Ticaboo, it is estimated that 20 to 40 construction workers would be
needed (Ticaboo Development Corporation, Wayne County, Utah, persona'l communication). Forty
workers would be present at the beginning of the construction period for Ticaboo; this number
would be reduced to approximate'ly 20 after completion of most of the maior structures in the
cormuni ty.

Mining and mill employment wi'll probably increase during the construction phase until the full
operations work force is obtained at the end of the construction peniod.q The staff assumes
that the mining work force will expand to approximately l00 by peak, a 30% increase over
employment in September 

.|978 (Sect. 2.4.3.3). The staff also assumes that many of the old and
new mine workers will try to obtain permanent housing and will bring their families during
this period. Based on the worker profiles of miners at the mining camp in September i978,
50% of the work force will be married.q

To calculate the population so that families of workers are inc'luded, a 3.6 multipljer was used.t
An additional l5 service workers were added on the assumption that at peak, some iervice workers
would be present (e.9., motel employees and school teachers). Fifty percent of the service
workers were assumed to be sing'le

The above calcu'lation predicts a population influx of approximately 550 persons. Given the
uncertainty in estimating population impacts, the staff fe1t it was appropriate to give a range
of between 500 and 600 in-m'igrants. 1

4.8-1.2. Operations period

The operation of the mine and mil] will resu'lt in an estimated permanent population at Ticaboo
of approximately 900 people. Total population in the area, including Bullfrog Marina, will
be over 1000 people. If Ticaboo becomes a "second home" development, the population will be
even higher than the above estimates until the mill shuts down.

Estimates for total population at Ticaboo are based on the following jnformation and
assumptions. The applicant expects a permanent operating force of between 225 and 250 people.q
Using the maximum estimate, the staff accepted the assumption made by Plateau Resources that
85% of the 250 workers would have families present.q If a multiplier of 3.6 is used, the
direct population increase generated by the mine and mill would be approximately 800 people.
Assuming that 35 service workers in-migrate,+ 85% of whom are married, an additonal
I07 people wou'ld be added to the above 800 for a total of 907.

--_--F-
This assumption varies from data obtained for the 0ld West Regional Commission by

Mountain |,Jest Research, Inc.26 This group studied worker profiles at l4 different construction
projects. The average percentage of single-status workers for. all proiects was approximately
50%. Mining employrnent by Plateau Resources in '1978, however, indicated that approximately
70% of the workers were of single status. The staff concluded that, given the remoteness of
the site and uncertainty as to the avai'lability of housing, the 75i[ estimate, although
somewhat high, was acceptable. The range of projected population influx aI'lows for some
variation in this estimate.

fMountain West Research, Inc., found a 3.59 average fami'ly size for new construction
workers who are married.

*Consultants for Plateau Resources assumed that many spouses of mine and mi'll workers would
take service jobs, thus reducing the number of in-migrating service workers.

.l

I

I
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In the opinion of the staff, the anticipated permanent population of 900 people will not be
attained at Ticaboo until the work force has stabilized several years after construction is
completed. Because of uncertainty concerning the availability of housing and of satisfactory
services, the number of in-migrants with families in the immediate postconstruction phase may be
less than that associated with normal mi11 operations projects. The staff expects the population
at Ticaboo after construction is ended to be slightly higher than it was at peak - approximately
700 people.

4.8.2 Social orqanization

4 .8.2. I Hous i ng

Aside from the mining camp facilities, there is at present no housing available for the influx
of workers caused by the construction of the Shootering Canyon Uranium Project. The construc-
tion of the Ticaboo Subdivision wjth a 77-unit motel, trailer pads, and lots for the construction
of single-unit or multiunit modular or site-framed housing is expected to satisfy this housing
demand. The staff's estimates of total oopulation in the area during peak construction, how-
ever, suggest that the demand for temporary housing (assuming all single-status workers double
up) will not be satisfied by the motel unit (Table 4.8). Workers will either have to bring
their own trailers or other arrangements will need to be made - for example, the construction
of an apartment complex or the provision of rental trailers. The applicant estimates that half
of the permanent units (as many as 130 during the construction period) will be trailers and
half will be houses.27 If fewer workers decide to live in permanent units, the demand for
temporary housing will increase from the estimated 95 units, and adjustments will need to be
maoe.

Table 4.8. Housing requirements for workers during @nstruction of the Shootering
Canyon Uranium Project

Schedule
Mill-re lated

employment

Number of
housing units

requ i re da

Type of housing

1st month (Ticaboo

construction start-up)

3rd month (mill
construction start-up)

4th month {mill
construction start-up)

8th month

12th month (peak

mill construction)

16th month

22nd month

24th month

20,To
55, T

20, T

10, T
50-60, r/P

10-25, r
'10, T
50-60, P

56, P; 62, T

10, T
75, P

56, P; 88, T

10, T
70, P

56, P;62, T
'10. T
1 90-250, P

10, T

1 90-250, P

?n-?q F

40 Ticaboo construction
70 miners

40 Ticaboo construction
70 miners

20 Ticaboo construction
70-100 miners
20-50 mill construction

20 Ticaboo constructiorl
100 miners
1 80 m ill construction

20 Ticaboo
'100 miners
225 mill construction

20 Ticaboo
125 miners
180 mill construction

20 Ticaboo
250 permanent operating

mill and mine
20 mill construction

225-250 permanent operatin g

30 service

Eecreational housing at Bullfrog
Mining camp

Recreational housing at Bullfrog
72'unit motel/trai ler space

Recreational housing at Bullfrog
Mining camp/trailers; Ticaboo

housrng
72-un it motel

Recreational housing
Trai lers/houses

Tra i lers/houses;

72-unit motel

Recreational housing
Trai lers/houses

Trailers/houses;
mote l/trailers

Recreational housing
Trailers/houses
Trailers/houses; motel

Recreationai housing
Trailers/houses
Motel

Trai lers/houses
Trai lers/houses

aAssumes single-status workers double up; approximate number.
bT = temporary; P = permanent.



In the operations phase, there wil'l be a demand for between 2.|0 and 280 permanent units, half
to be sai'isfied with mobile homes and half with conventiona'l housing. If the development of
the Ticaboo Subdivision proceeds as planned and if workers purchase homes in the subdivision'
the predicted demand for housing wi'll be satjsfied eventually. In the interim, temporary trailer
facilities and the motel are expected to absorb the demand.

4.8.2.2 Servi ces

No public or private service jnfrastructure presently exists withjn the impact area for those
jndividuals who will reside there either temporarily or permanently as a consequence of the
construction of the uranium mill. Meeting these needs requires heavy investments in time
and money. Many of the injtial capital costs (impacts) of the Ticaboo Subdivis'ion will be

borne by the private developer and other providers jn the private sector. In addition' the
formati-on of a new community in Garfield County and the State of Utah p'laces additional
responsibil ities on those iurisdictions to provide public serv'ices.

Although final arrangements have not been made, the following discussion summarizes current
plans as to how many of these services will be provided.

Sewer and water

The T'icaboo deveiopment corporation plans to install a domestic water system conforming to the
standards of the State Health Department. Adequate water js available, a well has been drilled,
and the water tested.28 costs for such a system are estimated at $500'400 for the complete
project and $268,900 for the commercia'l area alone.27 ,

'lhe Ticaboo sewer system will require central sanitary sewer faci'lities with treatment lagoons
(to be located on Bureau of Land Management'land). Sanitary sewer facilities at Ticaboo are
esiitnutea it $qgg,OOO for the tota'l pioject and $273,.100 foi the first plan of developrnent.2T

The current pian for financing the sewer and water system cal'ls for the format'ion of a special
service distijct and the issuance of tax+xempt bonds. ,Such bonds would finance at least 75% of
all capital improvement costs for the water and sewer systems.s This type of financing-wifl.
allow these costs to be amortized over a 2O-year term at an approximate'interest rate of 6.5%
Der annum.3 I

4- 16

Solio waste disposal

The proposed method of soljd waste col'lection and disposal for c'itizens of Ticaboo wilI be

weekiy curbside pickup with djrect hau'l to a sanitary Iandfill. The'location of the'landfilI
is prlsentiy undetermined,although there are negotiations under way with the National Park
Service. The Ticaboo Development Corporation will provide the truck, which will eventually be
purchased by the special service district. Costs for solid waste disposal will be borne by
individual users.'u

_t

Roads and streets

The private developer wjll bear the initial costs for construction of.necessary streets and

roadi. The County Commissioners have already granted a varjance permitting streets to be built
without curbs.2s 

-Total 
road surface area is-eitimated to be 58,900 mz (633,500 ft2). Average

annua'l cost for road maintenance, to be borne by the county, is expected to be $9750.28

Electricity and telephone

The al'l -electric homes at Ticaboo wil l need a re] 'iab'le electnic
separate electric generation and transmission faci'lities w'ill be
Utah Power and Light, the principal utility in Utah' is expected

supply. In the short term,
provided by the developer.
to eventua'l ly manage and
service at the site. Negotia-operate facilities at Ticaboo. At present there is no telephone

tjons are being made for the provision of this service.l
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Pol i ce

The mine, ore processing facility, and Ticaboo will fall under the jurisdiction of the Garfield
County Sheriff's Department. The population influx will require the addition of a fu'll-time
deputy sheriff. Garfield County is interested in establishing a bi-county agreement with
Cain and Wayne counties. The estimated annual cost of $.l6,000 for police service includes
the salary for one officer, costs of vehicle operation, and maintenance.r

Fire protection

Current plans call for the formation of
volunteer force with one fire truck anci
establ ishing the fire-fighting faci1 ity

Commercial services

a rural fire district, serviced by a 12- to lS-man
a fire-fighting facility. Estimated capital costs for
are $27,000. r

The Ticaboo development corporation proposes a commercial area of approximately 1000 mz

(.l.l,000 ft2). The corporation expects to attract a grocery, gas station, and one general
retail store. Most major expenditures will be made at the more distant and developed service
centers.

Social services

An extensive study of the social services required by population at Ticaboo is discussed in
the Utah State Foundation assessment of the Ticaboo development.30 The staff assumes, however,
that many of the categorical services will not be readily available to the population on the
site at Ticaboo for several years,

Medical services

The influx of a new population to the area may result in an upgrading of existing medical ser-
vices (see Sect. 2.4). Such a population may provide the support to sustain a primary care
clinic or the part-time services of a doctor. Without such additional services, the new
population will be without satisfactory medical services.

School s

During the construction period, current plans cail for children of construction workers and of
mine workers to attend school at Bullfrog Basin Marina. In anticipation of the influx of new

students, the Park Service has hired an additional teacher and brought in another trailer to
serve as a classroom. The staff estimates that, based on previous assumptions about population
'influx, school attendance at Bullfrog Marina could increase by as many as B0 students during the
construction phase.*

Plans exist for the construction of a permanent school facility at Ticaboo which would be ready
for use when the mi11 begins operation. This facility, a permanent building with modular class-
rooms, will accommodate pupils at al1 grade levels. Estimates for the cost of the facility have
ranged from $.l.6-2.2 million based on a school population estimate of 300_pupils. The current
estimate indicates a cost of $,l.3-.l.5 million and assumes a smaller enrollment. During the
jnitial phases of the operational period, the staff expects the enrollment to range between
-]30 

and 
.l60.t

This number
mining population
22 students.

+ lnrs numDer

determined using
70 workers would

determined using

of
a 0.3 multipl ier for school age chi'ldren. The current
be expected to increase school attendance by approximately

a school-age population multiplier of between 0.46 and
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Financing school construction has presented a number of problems for Garfield County, Plateau
Resources, and the Ticaboo Development Corporation. l,,lhile property taxes generated by the miilwill eventually pay for the capital costs of construction of the school, such taxes will not
be available until one. to two years after construction of the mil'1. To solve the problem, a
number of options have been explored including a conventional general bond issue, itre estiUtish-
ment of a nonprofit corporation that would issue tax-exempt financing, and the use of a tax-
exempt lease arrangement.3 In addition, the applicant has expressed a willingness to prepay
sales and use taxes. 

I

4.8.3 Pol jtical organizatjon

The proposed construction of the uranium mill and the development of the Ticaboo Subdjvision
has affected the political organjzation within Garfield County and the State of Utah. Not on'ly
have these projects required actions to be taken by various agencies at the State level,2T
lyt lhey have led to additional complexity in the political organization within the county.
The formation of the special service district and the proposed bi-county agreement to shaie
police services are two major examples.

4.8.4 Economic organization

4.8.4..| Employment

All direct employment for both the construction (225 workers) and operations (250 workers)
has been or will be recruited to the area. The recruiting distance for jobs at the mine indmjli is about 400 km (250 miles). This area includes Grand,Junction, thi Colorado P'lateau
gr9a,-f1and'ing, Monticello, Hanksvil le, Richfie'ld, Panguitch, Green River, Moab, Price, Salt
Lake City, Grants, and Albuquerque. Competition from other projects in the region as well as
the particular.emp'loyment conditions of this project make predicting impacts oi specific
labor markets difficul t.
Indjrect employment will create an additional demand for 30 to l00 workers. Although some of
these wi'll be recruited from the same labor markets as the mill, m.ine, and construcijon workers,
many will come to the area as part of the families of those workers directly employed.

4.8.4.2 Income

Table 4.9 lists the wage schedule by skiil level for the operation of the Shootering Canyonmill and mine. The average monthly wage for miners in Utah is $]500 to $1833 and f6r miil
workers $IOOO to $tSOO. These estimates also indicate that the mill and mine may provide
moderately good-paying jobs for a small number of workers over a l0- to 1S-year peiioa. Incomes,
however, may not be sufficient to purchase conventional housing, given current estimates at
Ticaboo, without being supplemented by the incomes of additionil wage earners in the families.

The payroll for the required work force over a l4-month construction period of the mill and
mine has been estimated at $.|0,575,000 with disposable income estimatbd at about 97,000,000(ER' p. 4-1).. The payroli for the construction'and site preparation of Ticaboo has been
estimated at 9400,000. The estimate for the mill construction payroll may be 1ow, as it reflects
a low estimate of the number of constructjon workers (170) necessary for the mil'l and a shorter
construction period.

With the exception of rent and food purchases, most expenditures will be made outside the proj-
ect area and outside of Garfield County. With the development of the proposed Ticaboo Sub-
division during the operations phase, housing, limjted goods, and services should be available
1oca11y, keeping a greater proportion of the operation's payroll within Garfie'ld County. How-
ever, purchases of durable goods, such as automobiles and household appljances, and most
recreation and entertainment expenditures will likeiy be made outside the immediate area. One
estimate for income generated annually by the project resu'lts in a total annual income of
$3'580,000 of which $l'074,500 will be spent iocally for goods and services other than housing
(ER, p. 4-12). 

;

Expenditures in the construction of the mill and mjne facilities for suppiies and equipment
should be in excess of $.|0,000,000. Expenditures for construction and site development of
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Table 4.9. Wage schedule for personnel during operation of the Shootering

Canvon Uranium Proiect, 1978 dollars

Skill level

Disoosable MonthlY
Gross monthly monthly income for

'n::1" incomea housing costbrb' ts) (s)

Supervisor

l\4iner

Miner assistant

Mechanic, electrician.
equipment operator (A)

Mechanic, electrician,

equipment operator,

carpenter (B)

Laborer or trainee

Kitchen, office, or warehouse worker

1 735

r 500

1240

1 400

1 300

oqn

750

1 388

1 200

1 000

1 120

1 040

760

600

347

300

250

280

260

190

150

aDisposable monthly income assumed to be 80% of gross monthly income'

bThe allowable income for housing is assumed to tn 25'k oI the disposable lncome

Ticaboo should be approximately $.l,.l00,000. The distribution of this income will have a

regional impact and will affecl primarily larger supply markets such as found in Salt Lake City.
Soie additional employment will be generated by these expenditures.

4.8.4.3 Revenues

Tax revenues will be generated primarily from the following sources: property taxes levied
agjinst the mill and mine property; tax levies against residential and commercial property at
Ticaboo; local sales taxes (at thiee-fourths of l%); income taxes against salaries of workers;
and taxes on motor vehicles and miscellaneous property of workers and families.

The mine is currently not paying any property taxes to the county' Increases in assessed

vaiuation during .197-9 and ig"gO "itl-resuit in tax revenues to the county and county school

district in l986 and l98l. If the current property tax levy of 5.l.50 mills is assumed, the
uranium mill and mine is expected to generate between $250'000 and $600,000 annually from l9B0

to .l995 (ER, p. B-30)'

piojections of county revenues for the Ticaboo Subdivision are difficult because of
unc6rtainties as to actual distribution of housing between mobile homes and conventional units.
The property tax revenues will be approximately $54,900 for a worker population of 200.30

Regardless of the uncertainties in estimating future_ taxes, the staff expects that for a

nrilb., of years the combined property tax revenues from the mill and mine in addition to Ticaboo

will represent over one-third of the property tax revenues generated for the county.30

Utah sales taxes paid on equipment and supplies during the construction period wili range

U.iween $200,000 inO $4OO,SOO depending on the amount of purchases made within the State and

based on a 4.75% sales tai rate. A friction of this amount, equivalent to three-fourths of the
4.75% wt ll be distributed to the local communities in which purchases are made.

The workers employed directly in construction as well as those employed by the mill and mine

niit U. subject to Federal and State income taxes. Taxes on the salaries of nonbasic employees

will also contribute income tax revenues. Estimated annual State and Federal income taxes
irom projected related employment are approximately $250,000. Utah land use taxes should
g.n.rlt."in iaaitionat $t7S,boo in revenue to the state (ER, p.B-2). An additional source of
ieu.nre for San Juan County is the ore buying station located outside of Blanding which will
supply uranium ore for the mill after operation conmences'
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4.8.4.4 Public financinq of Ticaboo

A number of efforts at estimating costs and revenues^have been undertaken by the applicant andconsu'ltants for the private.deveToper of ricauoo.i,zali'-'i-majo. problem, which bmergedfrom each effort, was the timing oi revenues to meet initjat .iiitul;;;;;, pariicitarty tnoserelated to the construction of ihe school at Ticaboo. ln ifre-long run, property taxes generatedby the facility will be sufficient to finance the school's ionstruction as well as other servicecosts; however, jn the short run, the revenues,are noi-reidiiy avaitabi..- ir.,ii fiiobtem.isconnnon in the.deveiopment of energy projects.3l The appli-ani has tooked into a number ofoptions including a conventional linbrai obligation b;;e'i;;;;, the estabtisrrment ot a nonprofitcorporation that would issue tax-exempt finaniing, the Jse-6i-a tax-exempt lease arrangement,and the prepavment of,taxes.- Although the relative leneiiti'of each ot ir,eie-irringementshave not been thoroughly evaluated, ihe staff beljevei inui-li is important to reduce the riskto the 1oca1 taxpayeis is much as ioriiui".
The future of the uranium.industry and of this m'ill, as well as the.prosperous development ofTicaboo, cannot be guaranteed. Aisuming a publlc aeui-oased 6n anticipated revenues from theuranium proiect would appear unwise. withoiJt question such a decision shifts the major cost
ll3.'il]frtt the development from the applicant'and the piivaie'aeveiofer to-in""i"n""ur

4.8.5 Transportation

The developmgnt gf the mill and mine will result in an increase in motor traffic in the area.current traffic levels indicate that such an increase'wiri noi result in any major problems.The increased economic activity as well is an increase in tourism io gien-cinviil-National parkwill also resurt in an increasi: in a.ir tiirrtc to ninlrviii..

4.8.6 Recreation

The-major impact on recreation in the area will be increased visitation and use of facilitiesat Bu'llfrog Basin Marina,.Glen canyon Nationalo Park. rhe-eirects of the increase are several.Eventually, the combined impact of-a_permanent population it iicauoo and increased visitationwiii change the quality of the park ficilities biir,"r ui u-iontequence of increased usage ofexisting faci'lit'ies or of the eipansion of park-tiliiliiui.;-"soth situations woulo mostiikely result in an expansion of'the number'of park personnet.

Currently mine employees seeking recreation ngrygffy,head.to Bullfrog Marina, increasing 1awenforcement problems, requiring-emergency meaical uia,-ina-prittng in.""uila'p..iir"" on swimbeaches, rental-equipment, and-picnii arlas. During it. ioitirr.tion phase, the increase inpopulation should exacerbate thL raw enforcement.and medicar probrems, arthough after thedevelopment of ricaboo, additional services provided to the rlbdivision should auqment thoseprovided bv the Park service. The popuiatioir aurins ih.-;;r;iil;ij"r"pr,ir.",:,iii"Xiro prtadditional pressure on other park sirvicet, Jp.iiiiiuiiv,iii-""ntai troiritn!,';i;"!; and schoot.
Expansion ol.tlg.population in the area will also result in an increase in such resource con-sumptive activities as hunting, four-whee'l driving,-ina-"pot-iirnlin!;-[liiesui"u"ihu.orogicai
exploration)

4.8.7 Concl usions

At the project site, housing-and. community services must be provided for both constructionand operation work forces. -In the initiai project stages,-a'mote.l and traiieri-wiil providehousing. subsequent'ly, mobile homes and peimaient.horitn6 wiii be added. The staff estimatesthat a permanent popuiation of about 900 iersoni riti-a"uEiiip'at ricaboo attei ieveral years.
The Ticaboo development corporation.expects to provide a domestic water system and sewer facili-ties financed by tax-exempt bonds, issired oy a ipec'iii s..vi."'oirtrict which will also provide

_*Th. Nutional park Service Concept p.l an ca.l 
.l 

smotel and a 1O0-space recreational veiricle park by
for the construction of a .|00-unit
l98l .
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solid waste disposal facilities. Roads and streets, which will be provided by the developer,
will be majntained by the county. Electric service will be installed by the developer although
Utah Power and Light may eventually manage and/or purchase these facilities. A commercial area
is planned for a grocery, retail store, and gasoline station. Social services and medical
services are unestablished. During the construction period, worker's children are expected to
attend school at Bullfrog Basin Marina. A permanent,cchool is planned at Ticaboo, but the
financing for this facil ity has not yet been formal ized.

The quality of life at Ticaboo, and indeed its survival, are dependent on the timely and

satisfactory development of the above needs. The applicant and local and State governmental
entities are cooperatively planning together to see that these needs are met.

Most of the revenues to provide government-supplied services will be property taxes (mill, mine,
residential, and commercial properties) and a share of the State sales tax. In the long run,
property taxes will be sufficient to finance school construction and other service costs, but
they will not be available in early stages of the proiect. Several options are available to
finance the required services with amortization over an extended period. The staff has not
explored the relative advantages of these options but does believe that financial arrangements
can be made vlith increased cooperation of the applicant.

If these arrangements are accomplished, the majolimpact of the Shootering Canyon proiect will
involve the social and economic stresses involved in any construction project. The develop-
ment of a new community in an isolated area may exacerbate or minimize these stresses. T0

offset these social costs, the project will provide employment opportunities not previously
available over an extended period of time.

The socioeconomic impacts which will occur when the Shootering Canyon project operations are
terminated cannot be evaluated because the socioeconomic development of Ticaboo over the long
term cannot be forecast.
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5. ENVIRONMENTAL EFFECTS OF ACCIDENTS

The occurrence of accidents related to operation of the Shootering Canyon Uranium Proiect will
be minimized through the proper design, manufacture, and operation of process components and

if,"orgi' a quality issurance program designed to establish and maintain safe operations. In

accoriance'with ihe procedures set forth in the appropriate regulations, Plateau Resources'
ItO., fras submitted applications containing descriptions of tf'e facility design, the organiza-
t.ion of the operation, and the qua'lity assurance program. These documents, together with
the Environmental Report and supplements, will be reviewed by various agencies to ensure

that there is a basis for safe operations at the site. Moreover, those agencies w!1l maintain
surveillance over the plant and its individual safety systems by conducting periodi.c inspections
of the facility and iti records and by requiring reports of effluent releases and deviations
from normal operations.

Despite the above precautions, accjdents involving the release of radioactive materials or
harmful chemicals have occurred in operations similar to those proposed by the applicant.
In this assessment, therefore, accidents that might occur during milling operations have been

postulated and their potential environmental impacts evaluated. Section 5..l deals with the
postulated accidents involving radioactivity, and Sect. 5.2 deals with those not involving
rad.ioactive materials. The probabilities of occurrence and the nominal consequences are
assessed, using the best available estimates of probabilities and realistic assumptions
regarding releise and transport of radioactive materials. Where information adequate for a

reitistii evaluation was unavailable, conservative assumptions were used to compute environ-
mental impacts. Thus, the actual environmental impacts of the postulated accidents would be

less, in some cases, than the effects predicted by this assessment.

Exposure pathways considered in estimating dose commitments resulting from accidental ieleases
were inhaiation and irnmersion in contaminated air. It was assumed that exposure through the
ingestion and surface pathways could be controlled if necessary.

5.I MILL ACCIDENTS INVOLVING RADIOACTIVITY

The soecific activities of the radioactive materials handled at the mill are extremely Jow:
=10-e'Ci/g for the ore and tailings and =.l0-6 Cilg for the refined yellow cake p.roduct." The

quantitibi of materials handled, 6n the other hani, are relatively large: - 225 l4I.(248 tons) of
yellow cake per year, representing =,l40 Ci of radioactivity. These very 1ow specific activities
iequire the ieleise of exceeding'ly 1arge quantities of rnaterial to be of concern; driving forces
for such releases will not exisi at the proposed Shootering Canyon Uranium Project.

Guidelines have not been published for the consideration of accidents at the uranium mills.
Therefore, the postulated plant accidents involving radioactivity are considered here in the
following three categories:

l trivial incidents (i.e., those not resulting in a release to the environment),
Z. small releas.t io it'.-"nuiionrn.nt (relative-to the annual release from normal operation),

ano
3. large releases to the environment (relative to the annual release from normal operations).

relatively high specific activities of a number of prominent
Cilg for-pluionium-239 and =.l0-3 CilS for cobalt-60).

In contrast to the
radionuclides (i.e' !l0-t
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Trivial incidents include spi11s, ruptures in tanks or plant piping containing solutions or
slurries, and rupture of a tailings disposa'l system pipe in which the tailings slurry is
re'leased into the tailings pond. Small releases would result from failure of the air cleaning
system serving the concentrate drying and packaging area, a fire or explosion in the solvent
extractjon circuit, or an explosion in the yellow cake dryer. Large releases would result from
a major tornado strike or a tailings dam failure.

For most of the postulated cases resulting in a re'lease to the environment, the analysis gives
the estimated magnitude of the release, the corresponding maximum indjvidual dose at various
distances from the mill, and the estimated annual likelihood of occurrence. The latter
estimates are based on a diversity of sources, inc'luding incidents on record, chemical industry
statistics, and failure prediction methodologies. Data and models for the behavior of radiation
'in accident sjtuations were taken from the AIRDOS-II computer codet and from the International
Commission on Radiological Protection (ICRP)2 and were updated by dose conversion factors
based on the lung model of the ICRP Task Group on Lung Dynamics., 

,

During the three decades of nuclear facility operations, the frequency and severity of accidents
have been markedly lower than in related industria'l operations. The experience gained from
the few accidents that have occurred has resulted in improved engineering safety features
and operating procedures, and the probability that sim'ilar accidents might occur in the future
is very 1ow. Based on analysis, it is believed that even if major accidents did occur, there
would probabiy not be a significant release of contamination offsite, and radio'logical exposures
would be too small to cause any observable effect on the environment or any'deleterious effect
on the health of the human popuiation.

5.1.1 Trivial incidents

These acc'idents may include any rupture or'leakage in storage tanks or piping associated with
the facility. They are not expected to resu'lt in re'leases of radioactivity to the environment.

5..|.l.l Minor'leakaqe of tanks or pioinq

Uranium-bearing siurries and solutions will be contained in several tanks comprising the leach,
wash'ing, precipitation and filtration, and solvent extraction stages of the mill circuit.
Human error during the filling or emptying of tanks or the fai'lure of valves or piping in the
circu'it would result in spills that might involve the release of several hundred pounds of con-
tained uranium to the room; however, the overf'low wi'l'l be collected in sumps designed for this
type of spi1i, and sump pumps will be used to return the materials to the circu'it. Therefore,
a rupture in a process tank or a leaking pipe would not affect the environment.

5.1.1.2 Major pipe or tank rupture

All mi'l'l drainage' including that from chemical storage tanks, will flow into a catchment
basin upstream from the tailings impoundment site. The mill will deliver approximately 28.3 MT
(31.3 tons) of sol'ids per hour and approximately 34,7 ms [g+.2 MT (38.3 tons)] of solution
per hour to the tailings ce'I1. Should the rupture of a pipe in the tailings distribution
syslem occur, the liquid would flow into the catchment basin where it could be pumped to the
tailings cell. Chemicals cou'ld be recovered, transferred to the tailings ce1l,'or neutralized
in the catchment basin. Residue from a slurry loss wou1d be cleaned up-and the contaminated
soi'l removed to the tailinqs retention area.

5.1 .2 Smal I releases

The following accidents, due to human error or equipment failure, would re'lease sma'|1 quantities
of radioactive materials to the environment. The estimated releases, however, are expected
to be small in comparison with the annual release from normal operations.
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tem servi cake dryi

Because of the system designs, this type of accident is unlikely to.occur or-to go undetected'

A loss of water pr.srri"-t6 the scrub-nbr or the failure of the ian drive would sound an alarm'

However, .in the event-oi eiectrical or mechaniial failure, it was estimated that approximately
.l7.3 kq of Uqos would be.lost from the stalk over an 8-hr shift (0..l8 kg in 5 min). All of

ifii iitofuUie"uranium was assumed to be in the respirable size range'

Because the meteorological data at the time of the postulated accident is unpredictable' it
was assumed that for ihii stu.t release ilre conservitive meteorological conditions of I m/sec

wind speed ana a easquiii ivp"-e itiuiiilv rould exist. It was alio assumed that all the

,ui"riii was distribJieo oui,i.a single 22.5'sector. _The-maximum dose commitments to the

;;;t;'r.iio.ni-tq.2 u^ Q.o miles) from the polnt of releasel were as lqttgY: . total-bodv'
0.012 millirem; oone, O'g'millirem; lung, 5'6 millirems, and kidney' 0'088 millirem'

5.1.2.2 Fire in the solvent extraction circuit

The solvent extraction c.ircuit will be located in a separate building that-is isolated from

other areas due to tne iarge quantities of kerosene prbsent. From chemical industry data'

the probability of a maior"fiie per plant-yeara is eitimated.to be 4 x l0-a' However, at

least two major solveni"extractibn circuit-fires are documented in the literature, one of
wh.ich destroyed the original solvent extract'ion circuit at one mill in .l968.4 There have

;;;;.p;;;riiliierv s4O pfint-vears of mjll operation in.the United States, equivalent to

about 320 plant-years frlnOfini 390,000 MT (430'000-tons) of ore per-year' Thus, iudginS !f9m.
historical .incidents, lr'" jjr..tinood ot a major solvent extraction fire at the proposed milI is

assumed to fall in the range of 4 x l0-a to 4 x l0-r per year'

In the event of a major fire, it is conservatively assumed.from-previous estimates5'6 that
l% of the uranium coiiiineo-in ihe organic phase or approximately 0.43 kg (0.93.1b) would be

released into the env.ironment. It was assumed that thb conservative meteorologi.cal conditions
oi i rli". wind speed unJ i Pasquill type-D stability would exist for the ground-1evel release'
it rui'uiso assurbd inil-uif itre materiit was distri-buted over a single 22.5o sector. The

maximum dose commitments to the nearest r.tiJ.nt-i+.2 r* Q.a.miles)-from the point of releasel
were as follow: totii-uojv, O.OOO2 millirem; bon6 dose, 0.004 millirem; lung dose, 0.08 milli-
rem; and kidney, 0.0013 mill irem.

5 . 
'l .3 Large rel eases

The follow.ing incidents might release large quantities of radioactive materials to the

env.ironment .orpu..o'r1tn innuat releases"from norma'l operations. By virtue of-complex and

tiir,iv riri.bie'dispersion characteristics, however, thb individual impacts will not necessarily
U"'pripoitional to the total amount of radioactivity released to the environment.

5. I.3.I Tornado

The probability of occurrence of a tornado at the Shootering Canyon Uranium Proiect. is
,iigrigi[i". uiing c'loiest avai'lable oata, it'e probabif ity.is aplroximatelv 3.2 x,l0-s
(ref. 7 and ER, p. 2-128). The area it .it"gori."O-11_n"iion 3'in relativL tornado intensitv;7
init-it, iJr a'"typicai;'io"nido, the.wind s[egd is 385 km/hr-(239 mph)r gI thigf 305 km/hr

1igO *inl ir iotuiional and 19 kn/hr (a9 mph) is trans'lational. None of the mil'l structures
ire desilned to withstand a tornado of this intensity'

The nature of the mi'l1ing operation is such that'little more could be done to secure the

ficiliti w.ith advance wainiirg than without it. Accordingly, a "no warning" tornado was

postulated. Moreover,"belauie it is not possible to accurately predict.the total amount of
;;;;;i;i-;itp".t"a'Uy'tfre-iornado, a highiy conservative approach was adopted' Because the
y"ttow cake product iai in" higheit 9pe!11ic activity of any material handled at the mil'l
ind as much is t.g x ioa is (+]2 x loL lb) of produci may !g accumulated at any given time,
it is assumed that the toiiaio lifts 5.7 i.toa tg (1.3 x .l04 lb) of yellow cake (30% of the

maximum amount of concentrate at the mills).
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A conservative.model, which assumes that al'l of the yeilow cake is in respirable form, wasused.for the.dispersion analysis.e The model assumes tnat all of the matbrial is entrainedin the tornado as the vortex passes over the site. Upon reaching the iiie Uounairv, tnevortex dissipates, ieaving a volume source to be dispbrsed by th6 trailing wi;di-o? the storm.
The material is assumed to exist as a vo1ume source representative of the"vejoiiti"s of thetornado.and disperses through an arc of 45". Because bt ttre small particte sizei postulated,the settling velocity is assumed to be negligible.

I!$,*d:l predicts a maximum exposure ut u Airtun.e of approximate'ly 4 km (2.5 miles) from them'ill, where-the S0-year-dose commitment to the lungs ot ih inaiviauit is eiijmaied-to ueapproximatel.y .|.9 x l0-7 rem. The 50-year lung doie commitment as a funct'ion of distance isplotted in Fig. 5.1.
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Fig. 5.1. Tornado damage: S0-year dose commitment to the lunqs.

5.1.3.2 Re]ease of tailings slurry

The.tailings pond will.receive tailings slurry and yellow cake purification circuit liquid
wastes._ A portion of_the water in the pond mly be iecycled for'use in the leach circuit.The.tailings pond will receive about 680 MT (750 tons)-of solids per day ot opeiaiionl 'in"
ultimate capacity of the.facility-is about s.o x t06 MT (5.5 x t0'6 to;sJ "r aFv iiitingr. -
Inadvertent release of this mateiial to the environment would result from an oirerflow'of thetailings qlyrry or a failure of the tailings dam. Failure of the tailings aam-iouiA U"attributed to a destructive earthquake, floodwater breaching, or structuial failure.

I!9 f"!iti-tJ is designed to minimize the flood hazard. Emergency spillways can divertpreclp'ltation runoff around the pond if the dam is near overflow-cohaitioirs. In addition,the.facility will be_operated so'that the pond wil] be able to receive the volume irom thedesign flood from NRC Regu'latory Guide 3.li (a probable maximum flood) ioitoweJ lv u 16g-yearflood and maintain ,, (l ft) of freeboard.
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The Shootering Canyon Uranium Project is in the Zone One (minor damage) seismic risk category
(intensities of V and VI on the Modifjed Mercalli Scale) (Sect. 2.5.3). The tailings dam is
designed to withstand, without damage, an earthquake having an intensity of VI on the
Modified Mercalli Scale. However, there is a small probability that an earthquake of intensity
VII may occur.t0 The applicant must meet the safety requirements of NRC Regulatory Guide 3.ll
and other regulatory agency requirements even though it is highly unlikely that earthquake
damage to the dam will occur.

From the foregoing discussion,'it is clear that sufficient data are not available to estimate
the small probability of the occurrence of a natural disaster with sufficient intensity to
result in a release of the tailings slurry to the environment. Even if the probability were
known accurately, it would be difficult to predict the magnitude of the release. However,
tailings slurry releases have occurred in the past, and the consequences associated with these
events have been documented to varying levels of detail in reports to the NRC and will be used
to estimate a nominal release. Table 5.1 summarizes recorded incidents during the period
1959-1977 .

Table 5.1. Summary of accidental tailings slurry releases, 1959-1977

Sol ids released Liquids released R eached

warercou rse
Cause

galKg I iter

Flash flood
Dam failure
Dam failure
Dam failure
Pipeline failure
F looding
Pipeline failure
Flooding
Dam failure
Pipeline failure
Dam failure
Pipeline failure
Pipeline failure
Dam failure
Pipeline failure

14 X 106

I X 'ros

5 X 10s
2 X 105

3X105
1 X 108

6.4 X 104

2 X 106

3X107
2 x lFla)
1 X 106

4 X 10s

7 X 10s

2 X 108(a)
1 X 105(a)
4 X 100(a)

I X 106 to 14 X 106 2 X 106 to 3 X l0r(a)

1.2 X 107

9.1 X 105

4X105
2 X 'r05

2X10s
8.7 X 107

6_1 X 104

1.7 X 106

1X106to11X106
1.3 X 105

I X 103

2 x 1oslal
2 x lo4lal

1X108
'1.8 X 107(a)
2.5 X 'r03

3 X 10o(a)

2 X 105

1 X 105(a)
U 
" 

1ga(a)

5X 104

2X107
2X104
4X105
3X105to3X106
3X104
2X103

2X106toBX106
2X106
4X103

Yes

Yes

No

Yes

Yes

Yes

Smallamount
Yes

Yes

Yes

No
No

No
No
Roughly 80olo of

solids and 20%

of liquids reached

watercourse

1X10s
I X t03

4.5 X 107

8.2 X 106

1.1 X 103

No ouantitative information
8X10eto30X106
7.6 X 106

1.5 X 104

aAssuming equal \,€ights of solids and liquids released and density of the liquids to be approximately 1.1 kg/liter (9 lb/gal).

Sources: Directorate of Licensing, U.S. Atomic Energy Commission, Environmental Survey of the Uranium Fuel Cycle, Report

WASH-I248, Fuels and Materials, April 1974; also a Report from Teknekron, Inc., to NRC dated 14 March 1978.

From these historical data, the average release from tailings dam failure or flooding was
approximately 1.2 x l07 liters (3.1 x 106 ga1) of liquids and 

.l.4 x'107 kg (3.1 x .|07 lb) of
solids. Ten of the fifteen re'leases reached the watercourse, and nine involved dam failure or
flooding. Thus, considering the 394 mill-years of operation in the 1959-1977 period, the
appareni Iikelihood of re'leise from the tailings pond to the watercourse is I x |0-2 Io 2 x 10-2
per plant-year or roughly one release per 30 x 106 MT (33 x .106 tons) of ore processed. This
figure is unrealistic for impoundment dams for new facilities because all of the failures listed
'in Tab'le 5..l were for structures composed primarily of tailings and were not designed to an
engineering standard such as Regulatory Gu'ide 3..|.|. Present criteria call for carefu'lly
engineered structures with design features that take into account such possibjlities and
probabilities as earthquakes and floods.
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The solid^taili.ngs are Plgdicted to have a radioisotope composition of approximately 20 uCi of
uranium-238 and uranium-z34, 231 pCi of thorium-230, and 226 uCi of radoh-226 per tiln of ore." The chemical and radiolog'ical composition of the tailings water as estimated Uy tne staff and
the applicant is presented in Tab'le 3.3.

The estimated'1.4 x 107 kg.(3.1 x .l07 lb) of solid tailjngs reieased from the impoundment area
as a result of an overtopping or failure of the tailings dam would be expected tb settle out
below the dam. Because the drainage below the dam is wide and flat, few'(if any) solids would
be expected to reach Shootering Creek. Under usual no-creek-flow conditions, t-n6 t1,200 m3(9.1 acre-ft) of liquids rel.eased would percolate into the soil before reaching Hansen Creek.If this happens,.there would be an extended period (years) when leaching of th6 stream bed could
occur_during periods of stream flow. The staff would not'expect any obiervable effects from
such l.eaching although dri.nk'ing water standards for nonradioictive constituents might be
exceeded over short periods.

If the.release occurred-during stream flow, it is likely that a siug flow of contaminated
water. (both radiological and nonradiologicil constituenis) would pi6ceea aown-iinsen creet<to Lake Powe1l. The subsequent dilution would eliminate iny contimination probiems within
a very short time.

The main-radiological concern associated with the deposition of the solid tailings material isthe small increase in background radiation levels in the affected and adjacent aieas and the
eventual transport of these low levels of contamination by stream flow, ilind, and rain. These'long-term effects may be mitigated by removing the contaminated materiil fiorir the envjronment.
Accordingly, a measure of the-impact associated with the release of the solid tailings from
the_impoundment is the cost of excavating the area, removing the taifings and contaminated
soi1, and-transporting.the.material back-to the tailings imfioundment. Assuminq that l5 cm(6 in.) of contaminated soil must be removed a'long with the.tailings and that ihe averagetravel distance back to the tailings impoundment is .|.6 

km (1 milel, the estimated cost-for
excavation, removal of contaminated materials, and truck transport 6t the materia'l to thetailings impoundment is approximate'ly 9]28,000.

5.2 NONRADIOLOGICAL ACCIDENTS

The potential for environmental effects from accidents involving nonradioactive materials at
the-Shootering_Canyon Uranium Project is sma1l. Failure of a b6iler supplying process steam
could rel.ease 1ow-pressure steam to the room, possibly causing minor injiries-tb workers,
but would not involve the release of chem'icals'or radioactive'materials to the environment.
Forced-air ventilation.systems are provided in several stages of the process to dilute the
chemical vapors emitted and protect the workers from the hizardous fumes. Failure of theseventilation systems might result in the interim collection of these vapors in the building air.
s,i9n g failure might adversely affect individua1 p'lant employees but wbuld have no persiiient
effect on the environment.

A number of chem'ical reagents-used in the-,process will be stored in relatively large quantities
on the site. All reagents will be storeri within diked areas. Spillage in thi milj will be
washed down.and pumped back into the mill.circuit. The only cheinical-that mighi seriously
impact on the environment is amnonia. A break in the exter-nal piping oi ttre intryorous anrnonia
tank would not result.in a release, because an excess flow valvb wouTd automatiCittv close ona drop in pressure, thus preventing the escape of armonia. It is poss'ibte tnit-ine tinecarrying anmonia to the. storage tank from the tank truck could be i"uptured, in whjcn casethe release rate would be1imited to 100 g/sec of the vapor.rl

Beyond a distance of.10 km (6 miles), the resulting concentration would be below the,60 pg/m3
short-term air,gua'lity standard derived from State-of Colorado regulations (ut ilio thresholdlimit values).rz Beyond a distance of 700 m (2300 ft) from the mill, concentrations of ammonia
from the accident would be Iess than the 40,000 pg/m3'needed to produce a detectable odor andthe 69'000 ug/m3.concentration recorrnended is thb-iimit for prolbnged truman eipoiu"..i5- rfiui,the armonia would neither be noticed by nor pose a health riik to otfsite residents.

5.3 TRANSPORTATION ACCIDENTS

Transportation of materials to and from the mill can be broken down into three categories:(I) shipments of ore from the mine to the mill, (2) shipmenis oi i"tinea veiiow-iile trom

1

I

I

1
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the mill to the uranium hexafluoride conversion facility, and (3) shipments of process chemicals
from suppliers to the mill. An accident for each of these categories has been postulated
and analyzed. The results are given in the following discussion.

5.3.I Shipments of yel Iow cake

Refined yellow cake product is generally packaged in 55-9a1, 18-gage drums holding an average
of 364 kg (B00 tb) and classified by the Department of Transportation as type A packaging
(49 CFR Parts l7l-l89 and l0 CFR Part 7l). It is shipped by truck an average of 2]00 km

(.]300 miles) to a conversion p'lant, which transforms the ye11ow cake to uranium hexafluoride
for the enrichment step of the light-water-reactor fuel cyc1e. An average truck shipment
contains approximately 45 drums, or 16 MT (17.5 tons) of yellow cake. Based upon the
Shooterjng Canyon mi11 capacity of 248,300 MT (273,750 tons) of ore annually an! ye11ow cake
yield of 2Zq Mi (246 tons), ap-proximately 14 such shipments are required annua11y,

From published accident statistics,l4'1s the probabi1ity of a truck accident is in the range
of l.b x 10-6 to .|.6 x 10-6 per kilometer (t.O x 10-6 lo 2.6 x 10-6 per mile). Truck accident
statistics include three categories of traffic accidents: collision, noncol lision, and other
events. Collisions involve interactions of the transport vehicle with other objects, whether
moving vehicles or fixed objects. Noncollisions are accidents in which the transport vehicle
leaves the transport path or deviates from normal operation in some way, such as by rolling
over on its top and side. Accidents classified as other events include personal injuries
suffered on the vehicle, records of persons falling from or being thrown against a standing
vehicle, cases of stolen vehicles, and fires occurring on a standing vehicle. The likelihood
of a truck shipment of yellow cake from the mil1 being involved in an accident of any type
during a one-year period is approximately 0.04.

The ability of the materials and structures in the shipping package to resist the combined
physical forces arising from impact, puncture, crush, vibration, and fire depends on the
malnitude of the forcei.l6 These magnitudes vary w'ith the severity of the accident, as does the
frequency with which they occur. A generalized evaluation of accident risks by NRC classifies
accidents into eight categories, depending upon the combined stresses of impact, puncture,
crush, and fire. -0n the basjs of this classification scheme, conditional probabilities (i.e.'
given an accident, the probabilities that the accident is of a certain magnitude) of the
6ccurrence of the eight accident severities were developed. These fractional probabilities
of occurrence for truck accidents are given in Column 2 of Table 5.2. To assess the risk of
a transportation.accident, it js necessary to know the fractjon of radioactive material that
is released when involved in an accident of a given severity. Two models are postulated for
this analysis, and the fractional releases for each model are shown in Columns 3 and 4 of
Table 5.2. Model I assumes complete loss of the drum contents; Model II, based upon actual
tests, assumes partial loss of the drum contents. The packaging is assumed to be type A drums

containing low specific activity (LSA) radioactive materials. Considering the fractional
occurrenci and the release fractions ('loss) for Model I and Model II, the expected fractional
release in any given accident is approximately 0.45 and 0.03 respectively.

For Model I and Model II, the quantity of yellow cake released to the atmosphere in the event
of a truck accident is estimated to be about 7400 kg (16,200 lb) and 500 kg (.l]00 lb)
respectively. Most of the ye'l1ow cake released from the container would be deposited directly
on the ground in the immediate vicinity of the accident. Some fraction of the released
material, however, wou'ld be dispersed to the atmosphere. Expressions for the dispersal of
simi'lar material to the environment based on actual laboratory and field measurements have

been developed.ls The following empirical expression was derived for the dispersal of the
material to the environment via the air following an accident involving a release from the
conta i ner:

x I 0-q ) [ l - exp( -0. 15ut)lur .78 ,

f=the
zr = the
,=the

fractional airborne release,
wind speed at 15.2 m (50 ft) expressed in meters per second, and
duration of the release, in hours.
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Table 5.2. Fractional probabilities of
occurlence and corresponding package release

fractions for each of the release models for LSA
and type A containers involved

in truck accidenB

Accident Fractional
severity occurrence Model I Model ll
category of accident

0

0.01

0.1

1.0
1.0
1.0
1.0
1.0

I

tl
ill
IV

VI
vtl
vill

0.55 0
0.36 1.0
0.07 1.0
0.01 6 1.0
0.0028 1.0
0.001 1 1.0
8.5E-5 1.0
1.5E-5 1.0

Source: U.S. Nuclear Requlatory Commis-
sion, Final Environmental Statement on the
Transportation of Radioactive Materials by Air
and Other Models, Report NUREG-0170, Of-
fice of Standards Development, February 1977
(draft).

l

In this expression, the first term represents the initia'l "puff" immediately airborne when
the container is failed in an accident. Assuming that the wind speed is 5 m/sec (.|0 mph) and
that 24 hr are available for the release, the environmenta'l releale fraction is eitimated to
be 9 x l0-3. If insoluble uranium (a11_iarticles of which are in the respiiable size iirg"jis assumed and a populat'ion density of't!0 people per square mile (which is characteristii of
the eastern United States) is supposed,IT the consequenies of a truck accident involving a
shipment of yellow cake from the mil'l would be a SO-year dose commitment* to the general
population of approximately 13 and 0.9 man-rems to the lungs for Mode'ls I and II iespectively.

In a recent accident (September 1977), a commercial truck carrying 50 steel drums of uranium
concentrate overturned and spilled an estimated 6800 kg (.|5,000 lb) of concentrate on the
ground and in the truck trailer. Approximately 3 hr after the accident, the material was
covered with plastic to prevent further release to the atmosphere. Using the above formula
and values 9t yin9 speed for a fractional airborne release for this 3-hr-duration of release,
approximate'ly 56 !q {.|23 lb) of U30s wou'ld be released to the atmosphere. The consequence of
this accident would be a 50-year dose commitment to the general population of ll man-rems for
a population density of ]60 people per square mile. 'Thii dose cbmmitment can be compared
to a SO-year integrated lung dose of 1427 man-rems from natural background.

The applicant has submitted to the NRC an emergency action p'lan for ye]1ow cake transportation
accidents. This emergency action plan is intended to ensure that personnel, equipment, and
materials are available to contain and decontaminate the accident area.

5.3.2 Shipments of ore to the mill 
i

Uranium ore will be shipped to the ore stockpiles adjaceni to the mill in 27-Mf (30-ton)
trucks.- Equai quantities of ore wili be shipped to the mill from the Tony M mine, 7.24-kn
(4.5 miles) away, and from the proposed Northeast mine'12 km (7.5 miles) lway. . The average
shipping distance is approximately 9.7 km (6 miles). Based upon the pr6jectla mi11 capacity
---------T-

Doses integrated over a 50-year commitment following exposure.
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of 680 MT (750 tons) of ore dai1y, approximately 9.l00 trips would be required annual1y.
Although the ore wil'l be shipped on private roads, it is assumed that the probability of a
truck acc'ident is in the range cited in the previous section. Therefore, the estimated likeli-
hood of an ore truck being involved in an accident during a one-year period is roughly 0.11;
however, because of the 1ow specific activity and ease with which the contaminant can be
removed, the radiological impact is considered to be insignificant.

Each month the mill will also receive up to 3970 MT (4380 tons) of ore shipped from an ore buying
station located south of Blanding, Utah. The most significant potential impact of transporting
ore from the ore buying station is spillage of radioactive material as the result of trans-
portat'ion accidents. The probability of a truck accident is about .l.6 x l0-6 to 2.6 x 10-6 per
tnile. It is estimated that eight to ten trucks will transport ore five days per week,52 weeks
per year. The maximum cumulatjve distance driven by al1 trucks wjth a load of ore on board
is approximately 420,000 km (260,000 miles) per year. Consequently, there is a potential for
the loaded ore trucks to have 0.40 to 0.65 accident per year.

The statistics used in this analysis include all types of accidents, and an accident involving
a uranium ore truck would not necessarily result in the spillage of any ore. However, if a
spil1 did occur, it is unlikely that significant amounts of radionuclides would be released
to the environment.

The trucks used to haul ore from the ore buying station commmonly carry a maximum of 27 l\I
(30 tons) of material. Assuming an average ore grade of 0..l0% uranium oxide (approximate
average grade of the ore received at the ore buying station to date), a delivery truck would
carry a maximum of about 30 kg (66 lb) of uranium oxide. Even if the entire load were spilled,
it would be difficult for s'ignificant amounts of th'is radioactive material to enter the
environment because it is relatively insoluble and is not 1ike1y to be easily dispersed by
wind. In addition, the ore would be valuable and easy to clean up.

5.3.3 Shipments of chemicals to the mill

Truck shipments of anhydrous ammonia to the mi11, if involved in a severe accident, could
conceivably result in a significant environmental impact. Weekly shipments of anhydrous
ammonia will be made annually from a supplier located approximately 320 km (200 miles) from
the mi I I ( ER, p. 7-l 0).

The annual U.S. production of anhydrous ammonia shipped in that form is approximately
6.9 x .106 

MT (7.6 x .106 tons). It is estimated that about 26% of the shipments are made by
truck (the remainder by rai1, pipeline, and barge). Assuming that the average truck shipment'is l9 MT (2.l tons), approximately 93,000 truck shipments of anhydrous ammonia are made annually.
According to accident data collected by the Department of Transportat'ion, there are about'140 accidents per year involving truck shipments of anhydrous ammonia. For an estimated
average shipping distance.of 560 km (350 miles), the resulting accident frequency is roughly
2.7 x 10-6 per kilometer (4.3 x l0-6 per mile). Data from the Department of Transportation
also reveal that a release of ammonia [an average of 770 kg (.l700 1b)] resulted from approxi-
mately B0% of the reported incidents and that an injury to the general public occurred in
roughiy 15% of the reported incidents that involved a release (most of the injuries were
sustained by the driver).

Utilizing these data, the probab'i1ity of an injury to the general public resultinq from an
average shipment of anhydrous ammonia is roughly 3 x l0-7 per kilometer (4.8 x 10:7 per mile).
This estimate is probably too high for shipments in the vicinity of the Shootering Canyon mil1
because of the relatively low population density. Nevertheless, accepting this estimate,
the likelihood of an injury to the general public resulting from shipments of ammonia to themill is predicted to be roughly 5 x l0-3 per year.
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6. MONITORING PROGRAMS

6.I AIR OUALITY

For one year beginning in July .l977, total suspended particulate matter was monitored at the
applicant's mine camp, which is located in Shootering Canyon approximately 5.6 km (3.5 miles)
north of the proposed mill site. Every sixth day, 24-hr samples were coliected at one location
according to the National Air Sampling Network schedule; a high-volume particulate sampler wasused. No other pollutants were monitored by the applicant. ihe Utah Bureau of Air quitity
operates a monitoring station for total suspended particulate matter and sulfur dioxide atBullfrog Basin Marina, approximately 16 km (.l0 miles) south of the proposed plant site. The
nearest_monitoring station for nitrogen dioxide and ozone is located at Page, Arizona, approxi-
mately ll0 km (70 miles) southwest oi the site. The applicant witt be reqiiied to conduct a
monitoring program to collect onsite meteorological data (e.g., wind speed and direction atl-hr intervals), the results of which will aid-in the determinition of'compliance with l0 CFR
Part I 90.

The applicant did not present an operational monitoring program for nonradiological air qua1.ity.
Because,no,significant impacts to air quality due to oferation of the facility are expected(Sect. 4. l)' the staff does not require an operational monitoring program for air quaiity.

6.2 LAND RESOURCES AND RECLAMATION

6.2.1 Land resources

6.2.1 . I Land

]h9 applicant acquired land-use data from the U.S. Bureau of Land Management, the Utah StateUniversity Foundation,-and onsite visits (ER, Sect. 6.1). No other sp6cial methodo'rogy wasrequired. The staff plans to condition the license to require the licensee to conducr ano
document a land use survey on an annual basis.

6.2.1.2 Historical, scenic, and archaeoloqical resources

The existing condition of the site was determined as described in Sect. 2.5.2. As stated inSect.4.2.2, additional monitoring should not be necessary; however, should artifacts orcultural objects be discovered duiing the construction stige, the State H.istoric preservation0fficer must be notified^immediately as provided for in tnd utan state Antiquities Act of1973 and Publ ic Law 93-29.l

6.2.2 Reclamation

The applicant's proposed plan to assure reestablishment of the vegetation cons.ists of a v.isual'inspection of the reseeded areas each summer for three years. If"seedlings Jo not n..or. estab-lished on the s'ite within a year after seeding or are wished out during ttre 6reeiyear inspectionperiod, the area will be reseeded.l The stafi believes that these methods are not suff.icient toensure stand establishment^and self-perpetuation and concurs with the.methods reluirea by theState of Utah Division of 0il, Gas, and Mining in Reclamat.ion Regulation, Rule t,tli0,, *nichindicate that revegetation will be deemed accomplished and succeisful when the species

l' have achieved a surface cover of at least 70% of the representative vegetat.ive
communities surrounding the operation (vegetation cover levels shall b6 determined bythe operator using professionally accepted inventory methods approved by the oiviiioirt,

6-t
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2. have survived for at least three growing seasons'

3. are evenlY distributed, and i
I

4. are not supported by irrigation or continuing soi,1 amendments'

The staff believes that by adherence^to the reclamation requi.rements of the State2 and recom-

mended techniques offered by Plummerr tne.revegeiation proiedures and monitoring programs.should

be adequate to ensure-suiclisfut reclamation. 
-Sufficieht records must be maintajned by the

ippiiiJnt-io iuiniir' ";iJ;;;; 
ot compliance with a'l'l monitoring. The appl'icant will be requ'ired

to file a performanc"-UonO with the State of Utuh to ensure peiformance'bt tand reclamatjon'2
I

6.3 WATER

6.3.1 Surface water

6.3..|. 1 Preoperational monitorinq

Surface-water samples were collected'in July'and August 1977 from five stations in the v'ic'inity
oi tf'e-pioi.ct site. ihe'locations of thesl statiois are shown on Fig..l.l.and the-physical'
ir,"riiui,-iadiologicaf, ina-uiiteiiological constituents measured are fisted in Tab'le 2.8.

6.3..l.2 0perational monitoring

0perat.ional monitoring of surface waters wilI initially be confined to quarterly samoles

;ffi"i;;i"iprilisr"l.l;ith'"i"in."tii.i-uno t"u""ii r"epi.arong sh;oierind-dreet< irn' 'sect. o.z)'
Any surface seepage that deve'lops_as a result of the tailingi !lplylgl.l!.-wj'll also'be
;;frpi; i.a inaiVieO quarterty.' To compare the water quality.of these springs and seeps to
base'line cond.itions, alI paraineters *eutr"ed in the prdoperat'ional study'(table 2.9) wi11 be

measured in the quarter'ly operational monitoring program'

6.3.2 Groundwater

6.3.2.1 Preoperational

Groundwater qua'lity in the local area was determined by the applicant by sampling and ana'lyzing

;;;;;;;-ft i.iii irig. i.t ana Tab'le 2.e). In additibn, sjx wells will be comp'leted near

i[" liifingt irpornom6nt (Fig. 6.1). Theie monitoring we'l'ls wil] be drilled to the top

oi-tf1" Carile'l fbrmation, itrei sampiea and analyzed to-provide baseline.data for comParison,

purposes during gr" opeiaiionui-r6niio"ing pro-gram. Rit ot the parameters reported on Table 2'9

will be measured. I

6.3.2.2 0perational

The monitoring we11s shown on F'ig. 6.1 wi'l'l be sampled on a.quarterly basis and the analytical
;;;riia compaied to Uaseiine dati to detect potential groundwater contamination unti'l reclama-

ti;; i;.orbt"tea. ffr.-ipptiiiri is atso reluired to iubmit a plan to mitigate such contamina-

tion if it is observed. I

Documented visua'l inspections, at least monthly, shall-be made along the Shootering Canyon

sjdewa'll next to the impoundment to ensure thai-no surface seeps have developed. If seepage is
noted, the applicant shal'l provide a p'lan to mitigate such seepage'

The applicant" shall also continue to monitor the springs and wells shown on Fig' 1'1'

6.4 S0ILS

Soils .in the vicinity of the proposed p'lant s'ite and tai'lings_impoundment were initially
delineated on a map;'ttrese aeiinbationi were based on the reflective differences of land

iurtices from color-a."iit pt,otographs and on field observatjons of topography and bare rock.
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Soils were sampled during July and September 
.l977 (ER, Sect. 6..l) at a total of 2l sites

(Fig. 2.a). Soils were sampled to a depth of I m (3 ft) unless bedrock was reached at a

shallower depth. Characteristics recorded at each soil sampling site included s1ope, erosion,
depth, texture, consistency, and color (ER, Sect. 6."l). Based on this information, five
major soil mapping units were delineated on the proposed tailings impoundment and plant site.
Sieve analysis and ion exchange capacity were conducted on only one sample that was taken in
the vicinity of the western abutment of the tailings dam.

6.5 BIOTA

6. 5. I Terrestri al

Terrestrial ecological characteristics of the site were studied from July 19 to July 22 and
from October 4 to 0ctober 7,1977.1 This study was supplemented by'information from the Utah
Division of Wildlife Resources and from the published literature (ER, Appendix E).

Perennial vegetation was surveyed at
the I i ne- i ntercept and bel t-transect
mined by counting individuals within
Species composition was also recorded
centage) was determined by measuring

the tailings impoundment and plant site (Fig. 6.2) using
methods (ER, Appendix E). Density by species was deter-
a belt of I m (3 ft) on either side of the line transect.
within this area. Cover by species (expressed as a per-

the distance of the transect intercepted by the plant

Fig. 6.2. Location of vegetation transects and small mammal trapping grids at the pro-
posed Shootering Canyon Uranium Project. Source: Woodward-C1yde Consultants, "Responses to
NRC Questions on the Environmental Report for the Shootering Canyon Uranium Project," San
Francisco, Cal if., Aug. 29, 1978, Fig. E-1.
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Fig. 6.1. Preoperational monitoring'locations for thermoluminescent dosimeters, airborne particulates, groundwater, and
atmospheric radon. Soulce: Woodward-C1yde Consu.ltants, "Responses to NRC Questions on the Environmental Report for the
Shootbring Canyon UrffiIi-m Project," San Francisco, Cal'i f ., Aug. 29, .l978, 

Fr'g. I.

cll
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foliage. Est.imates of herbaceous cover by species were made.within 0'1-m2 quadrats placed at
jo-r-il:-ii)-iniervali.io.g.iir, transec-t. 'Transects were located by randomly.establishing a

starting point and tnen-piaiins ien 30-m (98-ft) transects jn a continuous fashion, generally in

a north-south direct.ion. To further reduce rurpting biases, transects were alternately djrected

at a 45' angle from the north-south basel ine'

Species composition and re]ative abundance of small mammals were assessed by placing two live-
r.rao crids on the siie-tor irrree ionsecutive nights in July and two consecutive nights in

6ii5uEi. iris. 6.211'-i. Jrrv, tiiOs consisted oi six rows and six columns of traps; in

0ctober the design.onliii"if'oi a 49-trap'iqrui" grid. .A11 traps were.spaced l5 m.(49 ft)
apart. The presence of medium-sized mammald (..S., rabbits or coyotes) was determined from

direct observations and examination of signs (e.!., tracks, scat, or dens)' -Information
r"gi"iing rre ot traUilit within the projeit vicinity-by b1g-game mammals, upland game birds'
und-'oii,"i wild'l.ife species of interest was obtained fr-om the utah Division of wildlife Resources

;;; i;; pruiitt'"a rii.rilur". Songbirds were recorded along the same transects as those

,l.O foi itre vegetatio. irtu"V tfig] O.tl. Raptor surveys were conducted by scanning the

iioo"t of the rriqhly eroded bLnch io the west and north of the tailings impoundment site'
if,.'pr"t"ni"-oi itp"niUiuns and reptiles was noted on an opportunistic basis'

Information from the Utah D.ivision of l^lildlife Resources and from published literature
S.n"rui1y reflects observations and measurements made over a period of years' Supplemented

iitt' onsite investigiiiont-rofioring periods of increased soil temperature and. precipitation'
the information presenteO-Uy tf'e apilicant should be sufficient to determine the probable

imoacts to the t.rreiiiiit "ecotogibit characteristics of the area due to construction and

operation of the facilitY.

The applicant has not presented a detailed-operationa'1, terrestrial monitoring program.

Veq.lltion and wifdlif; in the vicinity will'be qualitatively assessed.when samples of
;#;ii;;;;;;iiliit" are Cotlected ?or the radio'losical monitorins (ER, sect.^6.2)' If
ini.t'ang.t.in the pianti or inimals (such as unusual-discoloration or dieback of plants or

iny unusiat changes'in itr. health or behavjor of animals) are thought to be due to operation
oit6" faci|.ity,-adOiiionif investigations will be conducted to confirm the presence and to

determine the cause tor-lucfr itrangei. The NRC and Utah Division of Wildtife Resources should

be contacted immediately-ii any oi these unusual changes occur and should be kept informed

oi iff associated aOJitionat i-nvestigations. Test reiults from samples collected jn the

ui.irity-oi the facil.ity could be coipared to those from unaffected control areas in similar
vegeiation types of wilitife habitats at some distance from the facility. The changes couid

th6n be asseised to determine the need for appropriate mitigating measures'

Aithough potentially harmful amounts of radionuclides and other contaminants in the tailings
impoundment are nof"ip.ltta to result in any significant impacts to waterfowl and shorebirds'
the actual extent ot tiris impact cannot be quantified (Sect..4.6.l). The-staff recommends,

therefore, that the uppji.ani monitor the use of the impoundment by waterfowl.and shorebirds
jrti.g-th" i;ii;;; ibiing migration-periods. Daily records should include the number and

ip..i6t using the impbunOfient, as we1i as length of-use and behavior. These data should be sub-

rltt.O to NRi on u vli"fy Uisis for evaluatioi to determine if there is a need for continued

monitoring and/or mitigating measures.

6.5.2 Aquatic

The applicant has nejther conducted a sampling program for aquatic biota nor proposed-preoP"lt-
tionii'or operational samplirrg programs.'eeciuie 6t ttre lacli of agug!]9.habitat.(Sect. 2.6..|),
subiequent baucity of aquitic-bioti (Sect. 2.9.2), and the 1ow probability.that-the aquatic
habitat couid be irpucidJ significanily by mill construction and/or operation (Sect. 4.6.2), an

iquatic biota monitbring program is not considered necessary by the staff.

6.6 RADIOLOGICAL

6.6. 1 Preoperational Program

A preoperat.ional radio'logica'l monitoring program is.being developed at the proposed Shootering
Cuhyon'Uranium project t6 establish the-biseiine radiation levels and concentrations of radio-
active materials occurring'in ajr, biota, and soil and in regional surface water and local
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groundwater. The sampling program is ongoing, and
monitoring program will conform to that recormended

I
I

I

resul ts
by. NRC

are incomplete. The preoperational
and shown in Tab'l e 6..|.

6.6.2 Operational effluent and environmental monitorinq program

The objectives of the effluent-monitoring program are tb ehsure that the proposed mill dis-
charges are as low as reasonably achievable, to develop criteria that can'be'used in the designol lgw operat'iona'l procedures, and to aid in the interiretation of the results of such other'studies as the environmental monitoring program. The procedures for controlling effluent
release and.performing.monitoring and -urveys will conibrm to applicabje U.S. e6vernment regu-lations. Jhe program that wi'11 be imp'lemenied (Tab'le 6.2) will'tonsist of measurements of -
radioactivity in the air, surface water and groundwater, ioil, and biota.



Table 6.1. Preoperational monitoring program

Tvpe
OT

sample Number.

Sample collection Sample measurement

Surface water 1

(from each body
of water)

Vegetation (forage)

Food (crops, lrvestock) 3
(of each type)

Locations onsite at or near site

bou ndari es

Locations off site including
nearest residences

Background location remote from
s rte

At same locations where particulates

are sampteo

Wells located around future tailings

disposal area and any future mine

sites (emphasis on down gradient)

Wells within 2 km of tailings disposal

and mining areas (could be used for
potable water or irrigation)

Well located up gradient from disposal

area for background

Onsite or offsite slreams (Shootering

Creek, Lost Springs Wash. etc. )

which may be potentiallY con-

taminated by direct surface drain-

age or tailings impoundment failure

Grazing areas near the mill site In

different sectors having the
hi ghest predicted particulate

concentrations during milling
operati ons

Within 5 km of mill site

Collection of game f ish (if any)
from streams in the site environs
which may be contaminated by
sur{ace runoff or tailings im-

ooundment failure

Continuous; weekly

Continuous; weekly

Continuous; weekly

Continuous (one week
per month; same
period each month);
samples collected for
48-hr intervals

Grab; quarterly

Grab; quarterly

Grab; quarterly

Grab; quarterly

Grab; semiannually

Grab; three times
during grazing
season

Grab; three times
durang harvest or
sl aughter

Grab; semiannually

Ouarterly composites of samples

Quarterly composites of samples

Quarterly composites of samples

Each 48-hr sample

Ouarterly ; semiannually

Quarterly; semiannually

Ouarterly; semiannually

OuarterlY

SemiannuallY

Three times

One time

Two times

Type of measurement

Natural uranium,
and Pb'2'10

Natural uranium,
and Pb-210

Natural uranium,
and Pb 2'10

Rn-2?-2

Ra 226,I1',-230,

Ra-226, f h-23O.

Ra-226,1h 23O.

Dissolved natural uranium, Ra-226,

Th-230; dissolved Pb-21 O

and Po-21 0

Total and dissolved natural uranium,
Ra-226, Th-23O; total and dissolved
Pb-210 and Po-210

Dissolved natural uranium, Ra-226.

Th-230; dissolved Pb-2 10

and Po-2 1 0

Suspended and dissolved natural

uranium, Ra'226, f h-23O

Suspended and dissolved

Pb 210 and Po 210

Natural uranium, Ra'226, Th'23O,
Pb-210, and Po-210

Natural uranium, Ha'226,f h'230
Pb'210, and Po 210

Natural.uranium, R a'226, f h 23O

Pb-2 1 0, and Po-2 1 0

Location Type and frequency Test frequency

Particulate

Particulate

Particul ate

Radon gas

Wat er

G roundwater

o
I

!



Table 6.1 (continuedl

Sample collection Sample measurementType
of

sample
Number Location Type and frequency Test lrequency Type of measurement

Site survey

Gamma dose rate 80

Surface soil 40

5

Subsurface soil profile 5

1 50.m intervals to a distance of
1 5(X) m in each of eight directions
from a point equidistance between
the milling area and tailings pond

150-m intervals in both horizontal
and vertical transverses across the
milling areas

At same locations as used for col-
lection of particulate samples

300-m intervals to a distance of
1 5O0 m in each of eight directions
from a point equidistance from
mill and tailing pond sites

300-m intervals in both a horizontal
and vertical transverse across the
milling area

At same locations as used for col-
lectionof air palticulate samples

7SO-6-iniervati in each of four
directions from a point equi-

, distance from the mill and tailings
pond sites

At center of mill building area

Upstream and downstream of waters
that may -receive surface water run-
off from potentially contaminated
areas or that could be affected by
tailings impoundment failure

At center of mill site and at 750 and
1 500 m in each of four directions
from the site

Gamma dose rate;
once prior to
construction

Gamma dose rate;
once following
preparation of
milling site

Gamma dose rate;
quarterly

Grab; once prior
to site construction

Grab; once following
site preparation

Grab; once prior to
site construction

Grab; once prior to
site construction

Grab; once following
site preparation

Grab; once following
spring runoff and
once in late summer

following period of
extended low flow

Two- to three-day
period; one sample
during each of three
months (normal

weather)

l0

One time

One time

Ouarterly

One time

One time

One time

One time

One time

Two tirnes

Pressurized ionization chamber or
properly calibrated portable

survey instrument

Pressurized ionization chamber
or properly calibrated portable
survey instrument

Pressurized ionization chamber or
properly calibrated ponable
survey instrument

Af f samples for Ra-226;1O% ot
samples for natural uranium,
Th-230, and Pb-210

Af l sampf es for Ra-226; one sample for
natural uranium, Th-230, and
Pb-21 0

Natural uranium, Ra-226, T h-23O,
and Pb-210

Alf samples lor Ra-226; one set of
samples for natural uranium, Th-230,
and Pb-21 0

Naturaf uranium, Ra-226,'f h.23O,

and Pb-210

Naturaf uranium, R a-226, Th-23O,
and Pb-21 0

Rn-222 flux

Or
I

Sediment

1

2
(from each stream)

10Radon-222 llux Each sample

aNonradiological chemical parameters listed in Table 2.g.

of Fuel Processing and Fabrication Branch, Jan. 9, 1978.



Table 6.2. Operational radiological environmental monitoring program

Sample collection Sample measurement
Type of sample

Number Locatron Method and frequency Test frequency Type of measurement

Particulates

Radon gas

Particulates

Water
Groundwater

3p At site boundaries and in different
sectors having the highest Pre'
dicted concentrations

At nearest residence

Control location-more than 1 5 km

from mill site in least prevalent

wind direction

Same as for air particulates

Ore crusher stack

Yellow cake dryer and packaging

stack

Down gradient {hydrologically) and

relatively close to the tailings

impoundment

Control location-hydrologically up

gradient (not influenced by tailings

seepage)

Each well used for drinking water or
watering livestock or crops within
2 km of tailings pond or mind

Continuous; weekly or
more frequently as

required by dust
loading

Continuous; weekly or

more f requently if
required by loading

Continuous; weekly

or more frequently
if required by dust
loading

Continuous; at least

one week per month
at approximately the

same period each

month, samples

collected for 48-hr

i ntervals

lsokinetic and repre-

sentativec semiannual
stack sample

lsokinetic and repre'

sentativec monthly
stack sample and

either (1) semiannual

stack sample or
(2) semiannual product
(yellow cake) sample

Grab; monthly
(quarterly after
first year)

Grab; quarterly

G rab; quarterly

Ouarterly composite

Ouarterly composite

Ouarterly composite

Each 48-hr sample

Semiannual

Semiannual for
first year

QuarterlY

Semiannual, I or 2

Semiannual for
first year, 1 or 2

Nilonthly; quarterly
after fi rst year

Ouarterly

Ouarterly

Natural uranium, Ra-226. Th-230,

and Pb-210

Natural uran ium, R a-226, Th'23O,
and Pb-21 0

Natural uranium, Ra-226, f h'23O,

and Pb-2 1 0

Rn-222

Natural uranium, flow raie

Ra-226, rh'23O, Pb'21O

Natural uranium, flow rate

(11 Ra-226 and Th-230 or
(2) natural uranium,
Ra-226, and Th-230

Pb-21 0

Dissolved natural uranium, Ra'226,

Th-230, Pb-210, and Po-210;

chemica19 and TDSe

Dissolved natural uranium, Ra'226,

Th-230, Pb-210, and Po-210;

cnemrcals ano tuJ

Total natural uranium, Ra'226,

Th-230, Pb-210, and Po-210;

chemicals and TDS

g

Or
I\o

3p

'I

1

(from each well)



Table 6.2 (continutidl

Sample collection
Type of sample

Number Location Method and frequency Test frequency Type of measurement

Sample measurement

irn..r *.r".

Direct radiation

'2
(from each stream)

Grab; quarterly when
flowing or following
precipitation event

Pressurized ionization
chamber, properly
calibrated portable
survey instrument or
thermolu minescent
dosimeters with two or
more phosphors each

Grab; annually

Grab; three times
during grazing

season (i.e., April,
July, and October)

Ouarterly when
flowing or follow-
ing precipitation
event

Ouarterly

Annually

Each sample

Soil

Vegetation or forage

Surface waters passing through or
close to the mill; one sample

upstream and one downstream
of location of potential influence

Same as for air particulate samples

Same as for air particulate samples

From animal grazing areas near mill
site which have the highest pre-

dicted concentration (including
nearest ranches)

Total natural uranium, Ra-226,
Th-230, Pb-210, and Po-210;
suspended solids

Measurement of x-ray and gamma-
'exposure rates

Natural uranium and Ra-226

Ra-226 and Pb-210

sProgram component from Regulatory Guide 4.1 4.
blf a large number of wells are located within 2 km, only those wells nearest tailings impoundment or the mine need be sampled.
cTo be taken during operation of the stack ventilation system and the resp€ctive process system. Minimum sampling time,3 hr per stack.
dchemical parameters to be analyzed will be determined from an analysis of samples taken from the tailings pond once mill operations have begun.
tTDS = total dissolved solids. -

ol
I
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7. UNAVOIDABLE ADVERSE ENVIRONMENTAL IMPACTS

7.1 AIR QUALITY

An unavoidable.impact of construction and operation of the mill facility will be a slight
in.r"ir".in part.itulate matter and ambient concentrations of gaseous emissions. Because the

concentration of these pollutants must meet the Federal and State air quality standards, the

staff feels that they will not contribute significantly to the decl'ine of the regional air
qual i ty.

7.2 LAND USE

7.2.1 Land resources

7.2.1.1 Nonagricultural

Area land uses w.ill change as a result of the population,growth that would be induced by the

proposea mill and any ieiatea mining activitiei. Possible adverse impacts are those that
wouid result from increased traffic on the highways.

7 .2.\ .2 Agri cul tural

Construction and operation of the mill will result in an unavoidable loss of nearly 
.l40 

ha

(iso ai..s) or potbntiij-grizing tana. Following project termination, about 20% of this total
area will be occupied by itre reilaimed tailings imbounament and wil'l be unavai'lable for grazing'

The remaining land will be reclaimed to permit unrestricted use.

7.2.2 Historical and archaeological resources

the limited, known archaeological resources (lithic scatter) on the lands affected by the - ^
pioject can be avoideJ ind/oi salvaged. _Therefore, if the mitigation proposed in Sect. 4.2.2
is followed, adverse impacts should be min'imized.

7 .3 I{ATER

7.3.1 Surface water

Erosion of disturbed soi1s during constructjon and operation would minimal1y impact the local
streams and only during heavy, eiosion-produc'ing rainfa11. No adverse impacts on-surface
water caused Uy-grounJ;atei iiansport oi taitinls materials are expected. 0verall, no adverse

impacts on surface waters are expected'

7.3.2 Groundwater

0peration of the proposed mill will result in the use of up to 2.9 x l05 m3 (235 acre-ft) of
wlier (arawn from'thb Navajo aquifer) per year. The usage of water by the applicant should
nive nd adverse effect on other users. PrLoperational and operational monitoring of the
groundwater is required (Sect. 6.3.2),_and mitigating measures.will be taken if groundwater

doniimination due'to seepage (trom tiitings to ihe Entrada aquifer) is observed. No adverse

impact on groundwater is expected.

7-1
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The.mining.and millils of primary uranium ore deposits.w'il1 deplete the naturally occurringhigher-grade ore bodies. ilowevei, if it becomes'profitable to'reprocess the mill ta.i.lingi"for any of the remaining_minerals, this can be eali'ty accomplisheb. Becauie the""-u". no
9!!:I 5t9Il major mineral deposits of economic value-in the'mitt irea,-no-impicis'on otner

7.4 MINERAL RESOURCES

mineral resources are expected.

7.5 S0ILS

expected.

Construction and_operation of the mi'll facility will disturb about]40 ha (350 acres). Topsoiiwill be removed from the construction areas ani stockpiled for rep'lacement upon termination ofoperations.._However, a.temporary decrease.in natural'soti pioduiii;iit-i; ;;;;Ji; iiliil"+lil.some soil will be unavoidab'ly.loit, primarily from wina eroi'ion, but p'roper'riiigiiing measures[Sect. 4.5) wou1d minimize t-his tqpabt. neciamaiion i;*;;;q;;"e successfut estabtishment ofa soil medium that wou'ld !""tupuPi:_of sustaining vegetition_'witnoui-irrigiiion'i"'.ontinuing
soir amendments (sect. 3.3.2).' Lons-term impicii on"irle-ioii'i"i'rJt'"iiE.i"i"t"'u."iidliiii'i.rt.

7.6 BIOTA

7.6.1 Terrestrial

7.6.2 Aquatic

The proposed project will result_in a temporary unavoidable loss of about ]40 ha (350 acres)of-vegetation and a concomitant 'loss of witutire (sect.-'+.0.i). Alth;ugh som."iedJtation andwildlife loss would be unavoidab'le, such loss shorild not resu.it in any long_term adverse impacts.

The impact on'limited avai'lable aquatic habitat due to mill construction or operation is pro-
iected as insignificant (Sects. 4.'6.2 and 7.3..|). t'to-adverse-impacts on aqilatic oiota are

,7 .7, RADIOLOGICAL

Radioactive emissions from.transportation, storage, and milling of the ore will increase thelevel of radioactivity in the sui"face environmeni.'Ho*"ver,'lhe size of the increase is smallcompared to the natural background 'level (Sect. 4.7).

7.8 SOCIOEC0N0MIC

The.infusion of.people into the local area will strain certain public services and the housingmarket, unless these areas are expanded rapidiy. Both ojd and new residents will be affected.
The present consumer prices for goods and services in thie area of the site will be stimulatedbv the project. A rising cost oi living primarity uitJlir-o"iginat iei.iJenis-wtro-nave notincreased their income at the same rate-as energyi6syslopment io"[e"i.-
The general inconvenience,caused by.expansion to meet the needs o{.the new residents -such asconstruction activities, temporary-bu'iidings, and decline in-iervliei-- iin ;;r;ii-Le avoided inlarge projects such as uranium miil constrlciion. rne itari'eipects that such inconvenienceswill affect many residents in and visitors to the area of the shootering canyon Uranium project
and'-although these impacts cannot be avoided, they cin-be-;inimi;d tniougr,"coop"iitiu" effortsby Plateau Resources, state governments, and iocal-devetopers.-



B. RELATIONSHIP BETI.IEEN SHORT-TERM USES OF THE ENVIRONMENT

AND LONG-TERM PRODUCTIVITY

8. I THE ENVIRONMENT

B.l.l Air quality

The short-term increases in suspended particulates during plant construction and the increases

in-tuip"nO"O particulates and chemical emissions associated with mill operation are expected

to have no impact on the long-term quality of the atmosphere in the region.

8.1 .2 Land use

The majority of the land used for construction and,operation of the mill facility could be

return6d to its present use through successful reclamation. The reclaimed tailings impoundment

area, however, under present reguiations may be unavailable for further productive use.

Although uranium milling is a short-term activity, q mill tailings_disposal.site will constitute
u p"i*in.nt disturbance of the land surface, rendering it unsuitable for future archaeological
invesiigation. Therefore, any such investigation musi be conducted during the initial surface
di sturbance.

B. I .3 Water use

No changes in the surface-water use patterns are
Because of the precautions that will be taken to
because of the large size of the Navaio acquifer
effects on regional groundwater availability and

B.I.4 Mineral resources

exoected to occur as a result of mill operation.
prevent seepage to the Entrada acquifer and

from which water will be drawn, no long-term
quality are expected to occur.

A1though no m'ineral resources are known to exist on the site, the mining and milIln9 9f uranium

or.l Jo"t not preclude extracting m'inerals of future economic importance should they be unex-

p"ii"Jiy-Oiiioverea in associati6n with uranium occurrences. The uranium mi ll tailings could
be reworked if economics wamant.

8.1.5 Soils

Stbte regulations require that the reclamation program be designed to return the soils to a

ionOition of producti'vity consistent with their present use, that is, the production of forage

and habitat fbr livestoci and wildlife. The reciamation prooram will begin as soon as practic-
able and continue throughout the life of the proiect. About 30% of the disturbed area could be

reclaimed following conitruction of the second stage of the impoundment dam. Therefore' these
areas should be in-their thirteenth year of reclaimed productivity by the time mill operations
cease.

8..l.6 Biota

8..l.6..l Terrestrial

Construction of the mill facility is expected to take l4 months. Based on the capacity of the
tailings impoundment, the mill c-ould operate 20 years. Assuming 25 years would be required to

B-l
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return the land to its.existing climax conmunities, the majority of the disturbed areas wouldnot be returned to thei.r present productiv'ity for nearly S6 years. About 30% of the total
acreage disturbed could be reclaimed foilowing construciion 6r tne second stige oi the.impound-
ment dam. Therefore, the length of time these areas would be disturbed woulJ"be-somewhat Iess,approximately_35 years. Terrestrial vertebrates now inhabiting the pro5eci site witf eitherperish_or.wi11 escape to undisturbed areas surrounding the miIi, where iopulations wi.ll becontrolled by natural means. After reclamation, the tore adaptible inaiviauiis-and'species willrepopulate the area as favorable stages in the vegetat'ive suiiess'ion are reached."

8. I .6.2 Aquatic

The milling operation should not have any short- or long-term effects on aquatic biota.

8.1.7 Radiological

At the end of milling operations, the tailings wi'll be over'lain with sufficient natural covermaterial to meet radon and ganrna release standards and then reclaimed. The reclaimed taiiings
area will constitute a source of radon emission of no more than twice the natural background-fl ux.

8.2 SOCIETY

No significant long-term impacts on the_socioeconomic character of existing and future local
comnunlf,les [e.9., llcaboo) can presently be attributed with certainty to the project. Thenature.of such impacts will depend on thi prevailing cormunity conditjlons wnen'opErations ofthis mi'l I cease:

l. If the iocal economy and popuiation continues to grow when the operation terminates andprgject personnel. m'igrate from the area, the addilional housing ind public-riiitifiasbuilt to accommodate project-related personnel will help to accommodate needs of the
expanding economy.

2. If'-at project termination, the economic activity and populations of communities aredeclining and surpluses of facilities^and.housin! exist.,'some of the resources initial lyinvested to accorrnodate needs of the Shootering danyon tiranium nroj".t-"rpioy"es rvillnot have been amortized. This situation could-be aggravated if bonds useb t6 financepublic faci'lities directly attributab'le to this dev6Topment have not been amortizeaduring the operating (or other taxpaying) ljfe of the broject.

I.i

I
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9. IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES

9.I LAND AND MINERAL

9. t. I Lano

The land occupied by the reclaimed tailings impoundment may not be available for future
oroductive use. Thls restriction is considered an irreversible commitment of resources.

9 .1 .2 Mi neral

The extraction, processing, and eventual use of the uranium oxide produced by the-mill are
considered irrevbrsible aid irretrievable. 0ther than the uranium resource itself, several
million gallons of fuel oil, and other fuels consumed in the mining and milling operations,
no irreversible or irretrievable cornmitments of mineral resources are anticipated.

9.2 I,IATER AND AIR

9.2.1 Water

Groundwater and surface waters are not expected to be impacted by the proposed project. Because

of the large volume of groundwater available, the use of this groundwater for the mill's water
supply is not considered an irreversible or irretrievable commitment of this resource.

9.2.2 Air

Air is not depleted as a result of construction and operation of the mill facility, but there is
a potential for the air quality to be impaired primarily as a result of an increase in total
suspended particulate matter. However, because the atmosphere is self-cleaning of the pollutants
at the anticipated low concentrations, no irreversible or irretrievable commitments of air
resources are expected.

9. 3 B IOTA

9.J.1 lerrestrlal

A total of about 140 ha (350 acres) of soils and associated vegetation will be temporarily
disturbed or lost for the-iife of the project. However, the land and wildlife habitat can be

restored in time to acceptable levels as a result of approved reclamation efforts (Sect. 3.3.2).
Although current regulations require the tailings impoundment area to remain fenced until it is
released from its status as a restricted area, some wildlife will undoubtedly use this area
after project termination and reclamation. Therefore, this restriction is not considered an
irreversible commitment of resources.

9.3.2 Aquatic

The staff does not expect any irreversible or irretrievable commitment of aquatic biota or
habitat from proiect operation.

9-t
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9.4 MATERIALS

Chemicals and reagents required by the milling process wil'l be consumed and therefore are
considered irretrievable and irreversib'le commitments of these resources. Use of these mate-
rials, however, is considered a minor impact, because, in the volumes consumed, the materials
are readily available.

.i
i

i



IO. ALTERNATIVES

IO. I ALTERNATIVE SITES

The following factors were among those considered in selecting and evaluating mill and tail-
ings disposal sites:

l. accessibility, but with limited public exposure (population doses);

2. proximity to producing mines and known ore bodies for reducing haulage costs and decreas-
ing the impacts associated with ore transport;

3. geotechnical, meteorological, and hydrological factors: (1 ) direction and intensity
of prevailing winds, (2) presence of mineral resources, (3) subsurface structural
stabi'lity, (4) availabil ity of tailings impoundment construction materials, (5) adequate
quantity and quality of materials available for reclaiming the tailings disposal area
and other disturbed surface areas, and (6) suitable surface hydrology characteristics;

4. topographical factors such as surface suitability for construction of facilities with
minimum alteration of terrain and the size of the drainage area above the tailings
impoundment;

5. proximity to natural and man-made areas that could be adversely affected by the con-
struction, operation, and reclamation activities related to the project;

6. existence of unique habitats that might support protected, threatened, or endangered
species; and

7. availability of housing and other services to employees.

The staff has determined that the most important factors to be considered during the site
selection process are those that ensure an acceptable tailings management program. The NRC
tailings management performance objectives for siting and design are listed in Sect. .l0.3..l.

l0.l.l Alternative mi'll and tailings disposal sites

Approximately 90% of the ore for the proposed mill will be supplied by company-owned mines
located nearby in Shootering Canyon. Alternative sites for the mill would be optimally
located with respect to the ore to be processed to minimize hauling distances, that is, trans-
portation impacts. The applicant initially outiined an area in the region surrounding the
Silootering Canyon mines in which a search was made for adequate alternative mi'll sires
(Fig. l0.l). The region considered was bounded by the Glen Canyon National Recreational area
to the south and southwest, the Capitol Reef National Park to the west, Lake Powell to the
east, and rugged terrain to the north (except a'long Highway 276). The northern cutoff (up
Highway 276) was chosen based on the economics of ore transport and the lack of land having
a topography any more suitable than that included in the study area.l

The study area was further reduced to a 29-km (18-mi1e) strip along the west side of High-
way 276 as shown in Fig. 10.1. The primary reasons for rejection of other portions of theinitial study area are noted on Fig. 10.1. The reduced area t^tas physically searched to
determine where potentially satisfactory tailings disposal sites might be located, and thepotential sites were screened.

The alternative of returning the mill wastes to the mines from which the ore lvas extracted,
while attractive, was not considered to be feasible, primarily because the nearby mines would

r0-t
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Fig. 10.i. Study area for the Shootering Canyon Uranium Project. Source: Plateau
Resources, Ltd., PrelimLnaty Site SeLection SAtdA, Ptoposed Sltootering Canyon Uraniun
Project, Utah, prepared by Woodward-Clyde Consultants, San Francisco, Calif., June 

.|977'

Fig. 2.
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not have available mined-out areas on a schedule compatible with tailings disposal.require-
ments. In addition, this would make contiguous lower-grade ore bodies less accessible.
iOisporut of the tailings in mined-out areas is discussed, in detail, in Sect. .l0.3

(Altbrnative 4).1

After considering plimarily transportation impacts, the staff has concluded that other poten-

tial alternative-sites in itris rebion of southeastern Utah would be no better than those

located in the vicinity of the applicant's Shootering Canyon mines'

lO.l.2 Alternative tailinqs disposal sites in the vicinity of the Shootering Canyon mines

The long-term integrity of a tailings impoundment requires a.stable geologic environment
*iif' u iompetent f6undition and retiin'ing wa11s. Two formations in the area have the necessary

strengtfr, itubi l ity, continuity, thickness, and reasonably-good engineering properties. These

are tfie Entrada sahdstone anA itre Summerville Formation. 0ther geologic horizons such as

ih. eirshV Bisin and Mancos shale are unsuitable for stable tailings disposal sites (Fig. 2.3).

Both the short- and long-term stability requirements for tailings- disposal preclude siting in
Oeep nituraf drainages ihat ray, at times, carry large volumes of floodwaters. Even tributary
drainages with catc[ment areas that may generate large-runoff volumes must be excluded because

diversion structures cannot be expectei io remain in place over the long periods of time

..qrir"O foi ituUt. storage of tailings. These criteria were applied to the areas.where the
Entrada and Summerv'ille f6rmations ouicropped, further reducing the area of potential sites.

The final step in the applicant's screening process was the_identification of natural basin

configurations thut couid be used for storige qf !l'9 5.0 x .|06 
MT {5.9 * l9u tons)-of tailingg

wastes that woulO oe cieated during 20 yeari of mill operation. The locations of 19 potential
storage basins identified by the applicant are shown in Fi9.10.2. These locations were

evaluited by the applicant, and ali but five of the 19 sites were excluded from further
evaluation ?or the reasons given in Table .l0..l. The remaining sites (2, 4, 5, 9., and l0 on

Fi;.-i0.ti """. ih.n quatititively evaluated based on engineerins alq economic characteristics
iiiUf.-iO.Zl. 

-f6" 
apfticant has proposed site 9 as the optimum tailings impoundment location.

ihe staff visited r.ulrui of the botbntial sites and independently reviewed informat'ion sub-

riit.J by the applicant's consultants. Maior emphasis was pl.aced on site characteristics that
would heip to ensure the long-term stability of the reclaimed tailings impoundment.

.l0.1.3 Evaluation of alternative mill and tail inqs disposal sites

The staff has concluded that no net environmental advantages would accrue if the mill and

tiifings disposal facilities were to be located at sites other than the Shootering Canyon site
propoiEO Uy ifre applicant; that is, the site proposed for the projected Iq.]l]!i:?.it better'
from an environmental standpoint, or at least as suitable as other potential locations. It
must be emphasized that this conclusion is possible only because a similar conclusion can be

mide concerning the acceptability of the proposed tailings management system.(Sect. 10.3.2'
Alternative l)i which enhances the environmental suitability of the chosen site.

10.2 ALTERNATIVE MILL PROCESSES

'I0.2..l Conventional uranium miIIing processes

The milling processes proposed by the applicant follow conventional procedures and_conform

*iit' tt'ot"-.ommon1y usba by the domestic uranium milling industry. In-general, yellow cake is
prJari"a-uv if," riiling oiuranium ore via the following procedure: (f ) ofg.preparation
ii.r"iri.S"primarily t[e crushing and grinding of the,oie), (2) leachins' (3) separation of
p""iru.t i"ictr iiquiOs from wast6 soliis (taiiings), (4),concentration and purification of the
IriniJr by extraction from.the pregnant leach soiution, (5) precipitation.of the.uranium from

ihe extrait solution, and (6) di^Ving and packaging. The specific mannerin which each of
itr.r" tt"pt, singly olin combinition, is accomplished varies from mill to mill' depending on

iiiiering'ore chirictepistics. Normal'ly, process decisions .are based on overal l economic con-
iiaerati6ns, including costs of controlling chemical and radiological effluents to air, water'
and I and.
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Fig. 10.2. Siting locations for the Shootering Canyon Uranium Project. Source: Plateau
Resources, Lt'd., Pz,elini'na4 Site Seleetion Study, Proposed Shooteri,ng Canyoniffi:wn tuojeet,
utah, prepared by Woodward-C'lyde Consultants, San Francisco, Calif., June lS7Z, Fig. e.
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Table 10.1. Summary of screening results for potential plant and tailings impoundment locations,

Shootering Canyon Uranium Project

Locatron Screening results

n

3
A

5

6

Screened out: long dam axis; relatively severe drainage control problems;

aesthetic sensitivity
Accepta bl e

Screened out: area too small

Accepta ble

Acceptabl e

Screened out: air quality problem for potential population center; need for
special design

Screened out: air quality problem for potential population center; need for
special design

Screened out: problem with upstream surface drainage control; severe erosion
poten t ra I

Acceptable
Accepta bl e

Screened out: visible from highway; poor access; questionable volume

Screened out: visible from highway; poor access; erosion problem

Screened out: visible from highway; long dam axis; erosion problem

Screened out: severe flood protection requirements; poor topography; no

convenient plant sites

Screened out: severe surface drainage problems; potential ecological impact

Screened out: erosion control problems; poor dam foundation and abutments
Screened out: erosion control problems; poor dam foundation and abutments

Screened out: many dams required; poor topographic enclosure
Screened out: no reasonable location with acceptable access; high visibility;

high flooding potential near highway

8

9

10

11

12

13

14

t0
A
B

C

Junction of Hwys-276
and 95

Table 1 0.2. Engineering and economic characteristics of potentially acceptable sites for the Shootering Canyon Uranium Proiect

Location
Characteristic

t0

Number of dams required

Access from mine to plant

Requirements for flood
control protectron

Access for building
equrpmenr

Gravity flow from
plant to pond

Length of slurry pipeline

Foundation and abutment
qua lrty

Availability of building
and reclamation materials

Tailings pond surface area

Requirements for basin

lining

Control of surface

drainage inflow

Flexibi lity of engineering
design

Expansion capability

torz
7 miles; good

Minor

Very good

Excellent

[4oderate

Very good

Good

Moderate to large

Not likely

Minor

Good

Yes

At least 2

6.5 miles;good

Sign if icant

Good

Adequate

lvloderate

Good

Fa ir

Moderate

Not likely

Mirror

Fa ir

Yes

At least 2

6 miles; good

Sign if icant

Good

Adequate

Moderate

Good

Fair to adequate

lvloderate

Not likely

[/]inor

Fai r

Yes

torz
3.5 miles; needs

improvement

None

Good

Adeq uate

Moderate to long

Good

Good

l\4oderate to large

Not likely

Minor

Good

Yes

Possi bly 2

3+ miles;very
gooo

Sign ificant

Good

Adeq uate

Short

Good

Fair to adequate

Moderate

Not likely

Minor

Fair

Yes
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Crushing and grinding of ore are needed to reduce overall particle size to ensure efficient
contact with the uranium-dissolving reagent. Normally, the ore is moved from stockpiles to
the crusher by trucks, bulldozers, or by front-end loaders.2 Conventional crushing equipment
usually reduces the size of the ore particles to approximate'ly minus 1.9 cm (0.75 in.). Con-
trol of the noisture level 'in the feed ore is crucia'l in the crushing process and generally
should be less than l0% to prevent crusher malfunct'ions. In most mills the crushed ore is
stored temporarily in bins before further processing. Grinding is usually accomplished by
rod or ball mi'll, with the ore being ground to approximately 28 mesh for acid leaching and to
approximately 200 mesh for alkaline 1eachin9.2 The Shootering Canyon mi'll wi'l'l uti'lize a

crushing system cons'isting of a stationary grizzly [7.6 cm (3 in.) openings], vibrating screen
[.|.9 cm (0.75 in.)], primary jaw crusher, and secondary crusher to reduce the ore part'icles to
minus 

.|.9-cm (0.75-jn.) mesh size, with approximately 680 MT (7SO tons) of the crushed ore
being transferred daily from fine-ore storage bins to the rod mi11 grinding circuit. The
rod mill will utilize steel rods in a wet grinding process, operating at approximately 70%
so'lids, to reduce the ore to sand-sized particles. The ore slurry will be gravity-fed to a
sump and then pumped to the ieaching circuit.

The leaching method chosen for extracting the uranium from the ground ore is heavi'ly dependent
on the chemical properties of the ore. Ores contain'ing 1ow'leve'l s of bas'ic materia'l s
(primarily lime) are usual1y leached with sulfuric acid. An alkatine leach reagent (normal'ly
sodium carbonate-bicarbonate solut'ion) is usually used when the lime content of the ore is
h'igh and uneconomical quant'ities of ac'id would be required, significantly increasing pro-
cessing costs. In some processes, acid is added in "stages" to minimize excessive injtia'l
frothing and to monitor acid content (pH control). The applicant found the Shootering Canyon
ores to be amenab'le to an acid leaching procesi and plans to use a two-stage, mu'ltiple-tank
sulfuric acid ag'itation leaching system. The ore slurry from the grinding mil'l wi'11 be pumped

to the first-stage leaching circuit to be mixed and ag'itated with a strong su'lfuric acid leach
solution. The slurry will then be transferred to a decant thickener, with the decant leach
iiquor (containing the dissolved uranium) from the thickener being conveyed to a solvent
extraction circuit. The solids from the thickener wil'l be transferyed to the second-stage
leaching circuit.

The separation of the pregnant'leach solution from waste solids is usually accomplished by
thickening or by filtration.' The majority of the acid leaching mi11s in the United States use
countercurrent decantation in thickeners for liquid-so1id separation.3 The applicant has also
chosen to achieve'liquid-so1id separation by countercurrent decantatjon washing and thickening
methods. (The belt filtration alternative is described in Sect. 10.2.2). The slurry from
the second stage of the leaching circuit will be transported to a series of six thickeners.
The waste so'lids (taltings), which will be transferred from thickener to thickener, wjll be
discharged from the sixth thickener (underf'low slurry containing 55% water) to the tailings
disposal area. The leached solids wi'll be contacted countercurrently with barren acidic wash
so'lution consisting primarily of recycled so1vent extraction raffinate, and the resulting
pregnant liquor from the thickener circuit will be col'lected and pumped to the first stage
of the leaching system. A flocculating agent will be added to each thickener to increase
separation efficiency, and the overflow liqu'id from a sed'imentation thickener between the two
'leaching stages wjll be passed through a clarifier and sand fi'lters to remove suspended solids.
The filtered liquid will be fed to a solvent extraction,circuit.

Conceniration and purification of the uranium from the iregnant leach solution is necessary
for the production of a high-grade uranium product. This process is usually performed by
either a solvent extraction or an ion exchange process.' The applicant has chosen a solvent
extraction process in which the aqueous uranium-bearing solution is contacted with an organic
solution into which.the uranyf ions will transfer. The uranium-loaded organic so'lvent wil'l
then be transported to the stripping operation, where the uranium will be stripped from the
solvent with an aqueous ammonium sulfate solution. Most of the depleted aqueous solution
(raffinate) will be recycled to the countercurrent decantation circuit. The barren organic
solution will be returned to the beginning of the solvent extraction circuit.

The m'illing process generally 
"on.tiO", "rrn 

an" 
"".ou"iy 

of the uranium from solution by
chemical precipitation. When acid leach methods are utilized, the uranium is precipitated by
neutralization with a base such as armonia, lime, magnesia, or hydrogen peroxide.3 The
precipitate is then dewatered, dried, and packaged. At the Shootering Canyon mill, the
uranium-r'ich solution from the stripping operation will be treated with ammonia to neutra'lize
the solution, precipitating ammonium diuranate (ye'llow cake). The barren ammonium su1fate
so'lution will be filtered and recycled to the stripping stage of the solvent extraction cir-
cuit. The precipitate will then be washed, dewatered, dried in a multiple-hearth furnace,



crushed to minus 0.6 cm (0.25 in.
and packaging operations will be

neqative air Pressure to contain
aiiborne U306 Particles.
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). and packaged in shipping containers' The drying' crushing'
iioiii.b and"enclosed in an area that is maintained at a

una.ott"ct (by bag filter and wet scrubbing) most of the

10.2.?Uraniummillingprocessesthatproducelow-moisturetailings

There are several alternative uranium milling processes. currently in use.in other-countries

which produce tow-mo'iitu.. tuiringt that mig6t'be amenable to direct burial in unlined dis-
posal retention a."asl'lrin-it ;;pi.i;a opei-pit mi.nes or speciallv prepared pits' For

example, a dewatering't"inoa developed by Burns and Roe/Pech!n9V/USine-Kuhlmann utilizes a

belt filtration pro..si-iniiead of tonveirtionat vacuum drum filters or thickeners to separate

the pregnant teacn soiutjon i.o* waste solids. The'liquid-so1id separation method proposed

by the applicant wirr'proiuce iiirings ttrat-wi11 be apiroximatelv 55% water by weight; the

rate of d.ischarse witl be approximatelv Ori6 Ur (ZSO ibhtt.of taiiings and-832 MT (9'17 tons)

ii-iiqriJ p.r-oiv. ri it'e-F5.6in"v miifing technique,-which.uses a belt filter' were to be

implemented, the "cake" would be wished cointercurrenity in two stages' with the barren tail-
ings being dewatered'io u-toitiure content of approx.imatel.y.22%' The tailings can be neu-

tralized before tittriiion ot-on ttt" belt filter'. The tailings would then be conveyed by

belt or truck to the tailings disposal site. 
-B"iuut" 

the taiiings are essentially "dry"'

the area required ro."iiji;;;t-ti;;;ae might be reduced,.and the problems associated with the

control and monito.ing'oi i;Epug" t"6t u iiipoiuf site mi.ght also be decreased' The possi-

bil.ity of us.ing tfris iype ot 'Ueit filtration'process is d6pendent on consistent physical

characteristics in tn"'6i""p.ol"ituO,-ui tfis'is the basis for the design of the filter'

The applicant considered the use of such a filtering system at the proposed mi'l'l but decided

that it would be irpruiiiiii.--B".uur" the orei-witi u! leactred with acid and a varietv of

ores will be processed, the applicant..on.tro"o that the leached soljds produced would be

difficult to filter without experiencing tiioi-.qtip*ent maintenance problems' Th" applicant

has proposed insteao"io"i"rui"l.-tt'. taiiingi-uv niealrs ot a pipe drainage system to be installed
on the bottom of the irpornar"nt. nrilrougfi-thL staff.is uncohvinced that belt filtrat'ion is

not feas.ible, tne propo!"d'.it"m.t" tailings dewatering procedure is considered acceptab'le'

Th.is dewaterins metni["it"aiiirtl"i-i;-;;i;ii,-in-i..il] 3.r,- 4.3, and '10.3 (Alternative I )'

'10.2. 3 Eval uati on of proposed m'i l li ng process

The milling metho<ls proposed by the-applicant are conventional ' state-of-the-art techniques

util.ized.in the ao*"!til-r"unjirm mirrihg,indusiry and are as environmenta'l1y sound as other

cormonly used procesiiri i.ilili.itloni. "rril'er -unforeseen 
developments, such.as,increased

process.ing costs due to".tting"t in the cnirilieristics of the ore or changes'in the relative
costs of reagents, ruy".Jtiii'in'it'. ippii.ini-ptopot'ing changes in the mill circu'it' When

such changes are suggested, the environmeniai iittputts aisociaied with their implementation

will be assessed.

.I0.3 
ALTERNATIVE METHODS FOR TAILINGS MANAGEMENT

.l0.3. I Introduction

For the purposes of this section, tailings management is defined as contro'l of the tailings and

waste solutions fo'llowing remova'l of the'u.iniuil-vatres. Engineering techn'iques to contro'l

pollutants from ta1lings, both during operationa'l and postoperationai stages of a mil'ling proi-

ect, have o""n propor"l.- fne unique-charaii.iistlcs oi each facility must be identified' and

then appropriate environr"niit controls ruti-U"-ipp]ieA. tn prepariirg this section, the staff
has examined alternatives considerea UV ine-apnliLinl,+-a as weli as alternatives considered

for other mi'l ls.e-r3 Alternatives p."r"niiv-5i;ii;bi" or feasible (i.e., potentiallv avai lab'le

w1th existing technology and at u r"utonuUj! ioit) are described in Sect''10'3'2 and evaluated

in Sect. t0.3.3. A'i;;i lr".iiiiii.ii-;ii;;n;iir6s for tailinss manasement.that the staff
has concluded are not'i"uiiui" with existing technology is presented in sect.'10'3'4'

The inter.im stabilization procedure described in Sect. 3.3.1 is applicable to all tailings
minagement alternatives presented below'
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Each a'lternative tailings management pian has been evaluated against the fo1lowing set ofperformance objectives developed by the staff:

Siting and design

'1. Locate the tailings isolation area remote from people so that popu'lation exposureswill be reduced to the maximum extent reasonably aihievable.

2. Locate the taiiings isolation area so that disruption and dispersion by natural forcesis eliminated or reduced to the maximrm extent reasonably achievable. -

3. Ogl!S!'' the isolation area so that seepage of toxic materiajs into the groundwater systemwj'll be e'ljminated or reduced to the maximum extent reasonably actrleva6te. 
- -

During operations

4. Eliminate the blowing of tailings to unrestricted areas during normal operating
conditi ons. 

I

Postreclamatjon 
I

I

!. Reduce direct gamma radiation from the impoundment]area to essentially background.6. Reduce the radon emanation rate from the impoundment area to about twice th6 emanationrate in the surrounding environs. l7. Eliminate the need.for an ongoing monitoring and miintenance program following
successful reclamation. - 

I8. Provide_surety arrangements to ensure that sufficidnt funds are availab'le to completethe fulI reclamation plan.

.l0.3.2 
Feasib]e alternatives for tai'lings management 

i

Alternative l: Disoosul of n"rt"alir.

tttt "r"t"."" involves the construction of .a tailings impoundment in.a natura] basin approxi-matelv 0.4 km (0.25 mi'le) west of the proposed mill siie (sbe Fis. f0.3). 'itre'imp6unoment

would be constructed by building.an engineered embankment across the open (souttrelri J.J rtthe-basin (Fig. l0.a). The ta'ilings disposal area would be sized to slore'680 MT (i50 tons) oftailings..per_day produced during 20 years of mill operation 13.2 x ioo mb-(iooo u.i.-iti-o"' "'
5 x...|06 tll {5.5 x 106 tons)l.and would be constructbd in two-stages. The iirst-stage impound-ment would be sized to contain the taiiings produced by seven yeirs of mitt operiii6n, wbuld
cover,approximately_16 ha (39 acres), and would require an embinkment 26 m (gb fi) hi6hfcrest elevation 1351..m (4433 ft)]. For the second phase, the dam cresi etdvitioi wouta ueraised.to-l361.m. [The final dam wou]d be about 36 m (l18 ft) hish anO wouiO-Ue-approximately
460 m-(.|500 ft)-tong.l The second-stage impoundment woutd le'za hi ioe ii""rl-ini'woutd becapable of storing the_additionai tailings^irroduced during the remairiing veiii oi-tt'e proposeaoperation. The initial. (first-phase) and final (second-piase) retentioi iams, which must beconstructed to meet the safety criteria in Regulatory euiae S.ll, would le-io,iea emUankments.To-minimize erosion, the upstream and downstream zon6s or "she'lli,'would be conitructeo or2:1 sloped segments of pediment bourders, cobbres, gravei, ina sinol-iil;iopiil-cire of the
dam wou'ld be a.compacted mixture of local clay, sill, and-sand; the transition zones betweenthe core and the outer segments or "shells" wirutd ue'conitiudfeo oi ioiiiiv outiiii.a rin.sand.(Fig. lQ.s). To minimize seepage under the tailings emninment,-ir'" ".orl-oi"ine 

oamwould be tied to the compacted soil liner on the bottom-of itre impouriAment.- l4inirrr embankmentfreeboard allowances of 4 m (.|3 ft) and 3.4 m (ll ft) would be maintainea, respeclively, forthe stage-one and stage-two impoundments to eniure that the impoundmenl-*ouia-6"-iipabte ofcontai.ni.ng the surface runoff resulting from a design flood (piobab'le maximum iiooJ'sertespreceded or followed by a 1o0-year f'to6d), with wind, wavei,'5na-runup.--in-iaoiii6n, ttreapplicant has.proposed construction of emergency spiilways (for each dam stage ana-ior tinalreclamat]on) to allow.passage of storm runoff exceeding the design flood. (A sg-year, 30-minstorm was assumed to imrnediately fo11ow the design flood:)
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Fig. 10.3. Locations of impoundment pond-and pit di.sposal alternatives for the Shootering

Canyon Uranium proieci.- iee afib iig. fO.a. lgg_rye:. Adabted from Plateau Resources' Ltd"
EuaLuation of railingi nttpo"it-,+ttnir*tirn", sho6tet'ing ioryon Ilranium Project, utah, prepared

by Woodward-C1yoe coniultiirts, San Francisco, Catif., R-ev. December 1978, Fig' 2'

To m.inimize seepage and the potential impacts of seep-age of^tailings-liquids from the tailings
impoundment, the appii.uni 6it proposed to tinq 1ne-ft6or of lhe taillngs storage area with

a layer of from 0.6 m'il"itj-io'i65ri-i r"tio iti or compacted, locallv-obtained' siltv
clay and to construct irO oi.rut. tailings drainage and neutralization systems. The liner
ina neutratization and drainage systems are described in sect. 3.2.4.7.
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This alternative involves the excavation of a pit immediately north of the proposed mill site
oi suffic.ient size anO deptfr to place below grade a.volume-of.tailings equivalent to that
ionsidered.in Alternaiive"l and il'e tailings-cover (Fig. .l0.3). 

The applicant proposed and

;;;t;;il-. 14.5-[6 (is.3-acre), 427-m-diam (1400-ft-dia!), circular pit with a maximum depth

ii-oi-,i-izoo ri) (t.. Figs. 10.4 and 
.t0.6). 

The sides of the pit would have a slope of 3:l'
fro"izontit to vertical, ir'e miximum slope amenable to the placement of a liner. To minimize

f..pug. from the dispoial area, the impoundment would be lined w'ith compacted silty clay
having the same p.-.iuiiiiv-ii il'" maierial proposed for.Alternative l. The liner would

have a minimum tnicfneii oi"O.S m (3 ft) near'the upper edge of the pit, increasing to 10% of
ln.-rinui t'vaiuriic treio in the dedper portions of ihe pit. The tai'lings drainage and neu-

tralization concepts propoi.O for Aiternative I would also be utilized. After completion of
iiit operations and ui th" tailings reach sufficient drynes-s to a'l1ow the movement of equipment

ou.. i'h. p.i1e, the tailings would be covered with layers of compacted soil'.grave1, and

coarse rock in the same c6nfiguration as proposed foi Alternative.l [l.B m (6 ft) of compacted

;;i;i-.i;i; o.o-'.-ti iil of sind and locai soils, and 0'3 m (l ft) of srave'l and coarse

.o.tj. i"herefore,'the-iadon gas and gamma attenuation estimates wou1d be the same as for
Alternative I.

Because (l) the drainage area above the pit would be small [less than 40 ha (.|00 acres)] and

izi-i-i.ig;, water storige volume would bb available until the final years of the project'
it6oa proiection requir6ments from this alternative would be minimized.

The floor of a pit 6l m (200 ft) deep at the proposed-location wou]d be either below or slightly
anove tfre elevation of the natural groundwater tab'le [estimated to be approximately 1311 m

i+lOO itit. 
-ii t6. grounAwater tabie were to be penetrated during pit construction, dewatering

would be'iecessary t6 allow for placement of the compacted soil liner, drainage system, and

mine waste rock. By-increising the diatn.ter, a shallower pit could be constructed with suffi-
.i.nt iioruge.apu.ity; howevei, such expansion at the proposed site would require excavation
i;-L;ti ap;ing 14hsh ii,'1'" noitn una in the unnamed wash to the south of the proposed pit site.
f i'e-"itirlted capi ta1 cost for thi s a lternative 'is $.1!.{-qjl]ion'

Alternative 3: Combination excavated pit and contajnment dike

This alternat.ive is similar to Alternative 2, except that the pit would be shallower and the

materials excavatecl from the pit would be used to construct an.above-grade-engineere.d embankment

arorna the pit to enctose a pirtially above-grade impoundment. (A portion ot-!h9 t?illng:,ull ,.,
the tail.ingi cap would protrude above the natural surface contours.) (see l-rgs'.1U.4 an0 lu./r.
in. pit woJta ub constructed at the same location as proposed for Alternative 2 (north of the

,iit'sit., see Fig. l0.li.- The excavated area would be about 42.7 m (140 ft) deep- The pit
bottom elevation would be at about 

.1338 m (4390 ft), and the containment dike height would

vary from approximately Ott * (20 ft) to 27.4 m (90 ft). [The average embankment height would

u. iA.l-; (6b ftl, and the dike crest would be at elevation 
.1400 

m (4590 ft).J The external
face of the embankment would be covered with gravel and coarse rock to control water and wind

.ioiion. The slope of the walls and the liner thicknesses and materials would be the same as

ioi-Alternative 2', and the capping materials and thicknesses and neutralization and drainage
systems proposed ior Alternatives-l and 2 would be utjlized. Flood protection would be

pi.riA"a'by'the embankment, which limits the "drainage" area to the area enclosed by the dike

iapproximaiely l4 ha (:S aires)J. However, flooding of the unnamed wash to the southeast of
ih'e'impoundment could'erode the-toe of the embankment at that location. The capital cost of
this aiternative is estimated to be $27.9 mi ll ion.

Alternative 4: Burial of tailings in depleted mines

In th.is alternative the tailings slurry would be transported by a 6.4-km (4-mi.le) pipeline from

the mill site to the *in"s. T[e pipe]ine would follow the general course of the ore haul roads.
The sluryy would be deposited in woiked-out areas in the mines, and specially-constructed
Ujiriers 6r bulkheads would isolate the disposal areas from act'ive portions of.the mines. The

"i..ti iailings fluids would seep into the sandstone wal'ls and floors of the disposal areas'
ine-potential"for groundwater contamination by infiltration of tailings liquid would be minimal

because of the preience ot tfr. relatively impirmeable.Summerville Formation between the sand-

stone member containing the mines and the Entrada sandstone aquifer and because of the distance

,-a'
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If the drainage system operates as p'lanned during the first phase (first seven years), theapplicant wou'ld extend it to the reinatnaer oi tt,E uiiporur u;{;-;r'p;;;-oi-in" second phase ofthe operation. The major advantases of ttre driinaiq-ijster would bb u 
""arition in potentialseepage Iosses (due to decreasing-the_hydraulic treia a6ove the impoundment liner), a reductionof project water reguirements.(eiuivaie"ni io tf," irorni ot.iiifing;-iil;;;, recycled to themill and used to. control dustingl, and a tower';re';;;; uniform m6istuie'cintent (whichshouid shorten the dryins-out peiiod prtor io reliaimin-g irie-iitip6'i'ii'ieni i"iur.

The major benefit to be derived from neutralization is a_substantial reduction in the dissolvedsolids contained in the tailings sotuiions. nn.ri goi or itre r;;iil,'i"ri".t the thorium,and much of the copper' cobaltl alumr'num,-ir"r,-rJrvui""um, and vunaairr-uvorld be precipitatedfrom solution, as would sulfate in-the rorm oi'gtii"um.i1 Stroutd 
""iiorur".ontaminants 

prec.luderecycle of a significant portion of neutraitiea"i6iution to the process, the reduction intailings acjditv would at least render toxic miteri;i;-in ttre waitei'ieis-sJscep'bte toleachins and should increase evaporaiion-ir;r ii; jiqrioi. it-p6"i6riiion"ir the taiiinssliquid through the waste rock fails to provid" iJ"qrJie'neutralization, the applicant is com-mitted to proposing and instituting. proledures to ensuie. that adequate neutralization occurs.For example, crushed mine waste roik'couid t"-uaaeJ io'irr. iiiiirdi-;irffi"; it teaves theplant and prior to deposition in the tuiiingi irpornj*.nt, or additiona.l waste rock could beplaced on the bottom br tne impoundment. 'L'v"q, wqsr

Reclamation wou'ld commence after cessation-of milling oplrations as soon as the tailings areahad dried sufficiently to allow movement of equipmeni oirer tne pile. The proposed reclamationprogram calls for u 1.9-t (q.q-ft)'laver of.rjmplliei ijuy.y materiats borrowed from an areanear the site and a 0.6-m (2.0-ft) tai,gr 9t r;tev lqil-maieiiat ovei ine-taii.ing, u".u.B staffcalculations show the propdsed cover itroutd ue iirriiiient to.reduce the radon flux from thereclaimed area.to'less thin twice backgrouna-[se" np;;ili" Fl rrJ-ir,J"ianilJ"raaiation to back-. sround levets (see Appendix G). n o.ilm-(r.o:iii i5i;;-;i;6";r'; #IuET"lia'rock wi' be p.lacedover the cap for protection against-erosion. Ttre ci"p wiri u" aeiign"d-io-rJsist damage bydifferentiat setilement of th6 tailrngs.
The rec'laimed impoundment is desiqned to.mitigate the effects of erosion. The coarse rock andboulders covering the surfaces of the tailingi i."u una the downsireir-ii."'ot fi," impoundmentdam will resist guliying and water sheet eroiion.--seliment-laden runoff from the 89-ha(220-acre) drainige 6asin auove-itre'oam y!ri-pona ouJi'in. tailings cap. ponded water wourdbe dispersed by the evaporation because ir'" uio"rrvins.up woutd frave ! iow-permeabi.l.ity andthe remaininq sediments carried into the tmpouname"ni';r;ii_;;;';"";;; ir,iltnSr, of the cap.This process-would i";a i; iotiiiiJ]lt conductive to niiurat estab'tishment of a vegetative cover.
Because the cap.would be thick [2.it rl 19 ft)] and topped.with riprap and because of the ariditvof the region, the staff has con-cludea inat ioot pen"lliiion into'i[5 iliri.i! is not.tikety,reducing the possibi'litv of adverse impilti;;;;.iil;;'iitt' tt. upward misraiion of radio-nuclides and toxic elements throush piint rooi-it;;;;."iiriq-p.ri5lii'.rji"liirn of runoff overthe impoundment will prevent oesiiCaiion-oi-ii"-ii;y"'iip ana therefore timit the developmentof shrinkage cracks. 

'The 
rapid evaporation of colii,ciJl iunoff and the i,riir hydraulic headover the cap shourd eriminat! the i;r.irtriiiJn ;i;;;;ih;;il ;il iliriliili

7fritn the materials and thicknesses of the liner and cover proposed by the applicant, the total../ estimated capital cost of Rtternii.ive f is ulout-$if]i'ii.[ion. This figur!.does not inc]udev capital and operating costs of the a"ainug"-ind-ffit"-imulion systems, but these costs areminor with respect to the cost oi-the basic artein;ii;;.-l(il;v-'nii""iiriiiriv u."n exctudedfrorn the costs'of ntteinitivei z'.ilj-:.i''v s'ss"'o',"". 
.,

lH Tf,:T"?iffii;:: 
that would accrue with imp'lementation of this tailinss disposal atternative

'l' The tailings would be stored in a basin below the normal surface contours of the area.The tailings and cover would le ueiow griae,'una-tn""civei'wouta be.topped with a layerof riprap that shourd provide a high degree'ot proiectioi't"0, erosion.2' The impoundment liner in comlinaii6ii *iir,-ir," tliiirdi'i"uinug" and neutratizationsystems should ensure that potential for problems 
"iit' i"Jpuge are minimized. Alsominimized should be.project'water i"qri"eh"nii-'iro"iii i..!tn of time between thecessation of operations and the start of-iaiiirg;'-rfiir;ir.nt 

"""turation.
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(Alternative 3)

the Shootering Canyon Uranium Proiect:
Resources, Ltd., Iaillngs Management PLan,
uranium Projeet, utah, prepared by Woodward-
1978, Fig.4.

Sand 5tona

Fig. 10.7. Tailings containment structure for
combined excavated pit and dike. Source: Plateau
Praposed Oz'e Processing laciLity, Shootet'dng Canyon

Clyie Consul tants, San Francisco, Cal if. , Rev. June

between the mines and the water table [72 m (250 ft)]. The carbonate constituents of the

surrounding sandstone would neutralize the acidic efiluent within a few feet of the disposal

ireas, caui.ing ttre precititation of most of the radionuclides and tox'ic materials from the

soIution.

The placement of tailings within the worked-out portions of.the mines would minimize losses of
taiflngs-sofids to wina"ina water erosion. The erosion resistance of mine areas would equal

iiat oi tne natural format.ions in the area. Radon from the disposal area-could-represent a

hazard to mine personnel if not adequately controlled but would not significantly.increase the

op..uiionat raObn reteises to the environment. If the mine openings and exploration drill
r,6i.i-ii. p.operly r.ii"o-ai-tne close of operations, the long-term radon and gamma radiation
..i.ut"r-thoriA U! of the same magnitude as the natural background levels prior to mining.

0perational d.ifficulty could be encountered'in the implementation of this alternative. The

OE.iiior io stop miniirg a stope is basically an economic one, made when the ore grade drops

Ueiow ttre point where lhe uranium values recovered do not cover the cost of extraction. How-

"u.i, 
ui market conditions change, the extraction of such lower-grade_deposits.could become

economically viab'le, particulariy because. there would be no additional access development costs.
Hi;l;;i;;ji!, mines'ih Shootering Canyon have experienced intermittent operation due to such

market cond.iiions. The applicani has- identified large areas of 1ow-grade reserves contiguous

t; lh; pianneo mining ir;ii that could-not, at present, be extracted economically' commitnent

of mined-out areas to tailings disposal wou'ld restrict or eliminate the potential for future
recovery of these neighboring lower-grade deposits'

The gsts-of implementing this alternativege,le*not-e-:!iu"et-e{-by. i!"-:gll*..tli'

Alternative 5: Solidification of tailings utjlizing cement, asphalt, or other chemical fixants

For this opt.ion, mill tailings would be fixed with cement, asphalt, or other chemicals to form

u toiia, less-leachable prodict for disposal. The solidified tailings could then be stored in
in-impounament. The disilosal area, whith would be reclaimed by covering the materia'l with
layeri of overburden and topsoil, would be revegetated to minimize water and wind erosion.

portland cement could be utilized to fix either the entire tailings_solids (slimes, sands, and

;;;;iili.;;;) or-ir'"-rrir"i onjv. In either case, the tailings would be neutralized (probablv

[V-ttrb addition of lime), and t-he waste slurry would be dewatered to a minimum of 6O% solids
Ui,toi. U"ing ri*eO "iifr'itt" cement. A minimum of 1 part cement to 20 parts tailings would be

of as,th, rand and gtaval
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required for solid'ification; strength, ieaching resistance, and cost will increase as
of cement to tailings'increases (ref. 14, p. 43). The l:20 cement to tailings mixture
pumped, if necessary, by slurry p'ipeline to a disposal site.

.l0.3.3 Evaluation of alternatives

the ratio
could be

Neutralized, dewatered (dried) slimes and waste solutions coujd be fixed with asphalt, and the
final product would contain approximately 60% slime solids (ref. 14, p. 42). When first mixed,
the product would be fluid and could be transported by pipei'ine to a disposal site. The major
advantages of solidifying ta'iiings in asphalt are (l) leaching resistance is high and
(2) because asphalt js an effective radon diffusion barrier, radon exhalation is substantiallv
reduced.

Commercialiy available chemjcal fixants could also be used to solidify the tailings. If this
waste stabilization method were to be implemented, the chemicals would be blended into the
tailings slumy and the resulting mixture pumped to an impoundment where solidification would
occur within a few days to a few weeks. Ejther the waste material would be entirely entrapped
or the poliutants (primarily heavy metals) would be chemically bound as insoluble c-omplexes.

Although technologically feasible and environmentally desirable, solidification of taif ingsis expensive. Assuming a nominal cost of $]0.00 per.ton of tailings (commonly quoted cosis
range from $7.00 to $36.00 per ton of treated wastes),rthe staff estimates thit'chemicallv
fixing the tailings produced by the miil operation would cost approximately-$55 million;
the costs of asphalt or cement fixation would range from about $45.-million-i6-56-OfiiTTi6n.-

Alternative I is the preferred alternative of the applicant and the staff. The tailings and
cover would be stored in a natura'l basin and reclaimed within the natural contours of ihe
surrounding area. The ri.prap covering and depositional environment in which the impoundment
would be located give additional assurance that wind and water erosion will be miniinized. In
addition, the srnall drainage area above the reclaimed tailings area obviates concerns over
dispers'ion of cover from f'looding, which in other cases could be a severe problem over the
long term. The proposed cover meets the performance objectives for reduction of radon
exhalation and gamma radiation and should e'liminate the need for an ongoing monitoring and
rnaintenance pfogram. The liner and tailings drainage and neutralization systems shouid
essent'ial1y eliminate potential problems with seepage.

Storing the tailings below grade (Alternative 2) in a specially dug pit would provide greater
protection against long-term wind and water erosion of the reclaimed tailings than Alt6rnative l.In addition, the proposed cover (same as for A'lternative l) would meet the iadon exhalation
and gamma radiation criteria. However, the floor of the required pit would be at or below
the water table level at thjs locatjon, and failure of the liner could result in liquid
wastes reaching the water table. The topography of the site is not amenab'le to the'construct.ion
of a wider and shallower pit,_which would provide better groundwater protection. Additionally,
because significant amounts of bedrock would have to be excavated by blasting, the permeabiiiiy
of the sandstone material underlying the pit would probably be substantiai ly-increased. Ihg, "

[e4gfi!s*-that*thi,s"-a.lternatj,v,e*mi.ghLhqV-e*p.vSqAtt.eruatl4-e*]*d.o_not-jus-.tif"y-rhe-addj+i.onl"t -'costs.- I

I

Alternative 3 involves the storage of dewatered, neutralized tailings in a.specially dug pit
enclosed by an engineered embankment constructed of the excavated miterials.' The mijor-di^aw-
backs associated with this alternative are the length of the embankment required to iurround
the impoundment [approximateiy l34l m. (4400 ft)] and, because a portion of'the d.ike would liein an unnamed wash southeast of the proposed site, the'dam stabiiity could be compromjsed over
the long term. Although thjs a'lternative offers an advantage over Alternative 2'(decreasedpotential for groundwater contamination), the increased potentia'l for adverse, long-term
env'ironmental impacts overshadow this advantage. Compared to Alternative 1, no silnificant
environmental benefits would accrue, and the costs of taiiings disposal wouid be significantiy
i ncreased. 

,

Alternative 4 (disposal in depleted mine areas) has th! apparent advantage that as long as the
sandstone formations containing the mines remain intact, the possibility-of signif.icani dis-persal of toxic eff'luents into the atmosphere and/or into the groundwater syst6m would be
remote. The major disadvantage of this alternative is that the commitment 

-of 
mined-our areasto tailings disposal would limit future access to contiguous, lower-grade ore deposits.
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Although solid.ification (Alternat!ve !) offers some environmental advantages (elimination of

w.indblown dusts and figf";.iittiuitV to teaifing and to the diffusion of radon)' the technology

is not well established, and at present, the coits far outweigh the benefits that might accrue'

For all of the alternatives considered, the applicant.would be, required to implement an interim

stabilization prog.u*-io-rinitit. the blowing'bf tailings to the maximum extent reasonably

achievable.

Based on the above discussion and eva'luation of alternatives, the staff believes that the

tailings management pian-aeicriOed under Alternative I is the best plan for the Shootering

Canyon site when.ontialr.O-in i"rrs of both-the staff's performance obiectives (Sect' l0'3'l)
and economic factors. 

-ihis 
alternative repiesents the most environmentally sound, reliab'le'

and reasonable method of tailings management for the proposed Shootering canyon site using

existing commercial i.lf'noiog'.'-lt sh6uld be noted that the choice of the preferred alterna-
tive is based on present staidards and exisiing technologies. However, if the Generic Environ-

mental Impact statemenl-on Uranium Milling curiently being.prepared by the NRC shows that
modificat.ion of the if].t." alternative is-necessary', the ptin will be changed accordingly'

.l0.3.4 Alternatives considered and reiected

Table 
.|0.3 lists some of the additional alternatives considered and rejected'

Table 10.3. Alternatives considered and reiected

Reason for relectlon
Al tern atlve

lnstall drains below pond to collect and discharge

tailings liquid to a local waterwav

Covering of the tailings with a synthetic or PVC

plastic to reduce radon emanatlon

Transport of tailings to currently active tailings

impoundment

Segregate (chemically) the toxrc componenrs

ol the tailrngs and drspose of these small

quantities ailow-level waste Treat "clean"

Technology is not available to allow seepage water treal'

ment ilfficient to attain water that is environmentally
and legally acceptable for release

Additronal overburden and topsoil would be required to

reduce gamma radiation to the natural background

level, to prevent plant root penetration into the tailings'

and to minimize erosion problems The cost of the cap

would be excessive, compared to cost of the soil the

liner would replace The integrity of the liner could

not be guaranteed over the long ter m duP to the

eftects 
-of 

freezing and thawing cycles, settlement ot

the tailings, and possible chemical attack by the

tai I i ngs

The environmenlal hazards and the costs of mrtigating

the adverse impacts associated with tailings disposal

would only be shifted from the Shootering Canyon

area to another location. The closest active disposal

areas are located in Moab and LaSal Neither im-

poundment is capable of holding the design output

of the proposed mill Additionally, transport of
tailings would incur risks of accidents, dispersal of

tailings, and exposure to workers and others along

the transPort route

Technology is not sufficiently developed to implement

this alternative

as overburden

IO.4 ALTERNATIVE OF USING AN EXISTING MILL

The option of utilizing existing ore processing mi11s requires the evaluation
ilit"it,"i.iir;;;;'ii l'*'. meth;d and distance-of mine-to-mi11 transpoltl (?),
oi. g.id., (t) quitity of haul roads, (4) total tonnage to be transportecl' (5,)

iOi iratfic and weathlr conditions, (7)_poss'ible interim transfer and storage

inii milling costs, and (9) environmental costs and benefits.

of numerous
variations in

haul age schedu l es ,
costs, (B) handling
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The closest currently operating uranium ore processing faci'lities (in relationship to the
Shootering.Canyon ore bodies) are 'located in'Moab, Utitr (Attas Minerals'Moab Milli unO'i_iSuf, Utah(Rio Algom's Humeca Mill ). The tr,toab mill. is approximateiy ZOZ tiig-hwii-tiior.t."r'tiO+ ;ii;;i -"-"
from.the shootering canyon ore bodies and apprbiimately 1-31 km (eZ miieij irJr-ir,. appticant'sBlanding ore-buying station. The Humeca-mtii-ts, in highway distance, a6out-jt7'im-iige-iliilil
from_shootering canyon and_106 !,1 (00 miles) from the aianding ore luying iiation. A tni"a miit,the Energy Fuels Nuclear, Inc. White Mesa faci'tity which is ii tne ptinning iiage ana is curreng.ybeing considered for a source materia'l license, his been proposed tbr a siie itout-|.s'[r-ii.i"rii"tffrom-the.applicant's.BIanding ore_buying.station- The prbpoied white Mesa mifi-wjuia-m"'uip".i*i'-'--'
mately 240 highway kilometers (.|50 milea) from the shootering canyon mines. 

- -

The staff has concluded that processing the app'licantls ores at any of these mills is not feasiblefor the follow'ing reasons:

1. The Humeca mill uti'lizes an alka'line leach process.r Although the Shootering Canyon ores canbe successfully treated by alka]ine leachin! (Hydrojet Services, lni., [roC6siea oies iiom-tne
Shootering Canyon_area.util.izing.an alkaline telcn iacility in itre "uiti igios), tests con-ducted by the applicant indicated that higher recovery ratls could be o6tained'with an acid
reach'tng_process (ER, p. l0-l). Because most of the ores that would be processed at the pro_
posed mill are low grade (approx_imately 0.10%), any significant lowering'ot ieiovery ratei(which would occur it carloiite leachiirg were'utitizedi would aaveiieiy"aiteci-the economicfeasibility of the proposed mi'lling project, as wel:t ai .waste a valuable natural resource.
A'lso, because only,ore from.a_company-owned and operatingj mine is iuiienitv-l"ing pr.ocessed at
the_Humeca mill, it is unlikely-that the mi'll has'the cafacity, process.ing-cipaUility;-;r-- -
willingness to accept additiona1 ore from another source.2. The Moab uranium mill has both alkaline and acid leach circuits. The acid'leach circuit is
designed to process 

941 [| (600 tons) per day of vanadium-bearing ores (averige ore grade -
0.25% U30g and 1.5%-V205); therefore.,_with piocess adjustments, ine Snooter.in!-Canyoi orescould be successfu]1y-piocessed at this tacitity. Hoiever, the acid 'leach ciicuit'was con-structed to process recently discovered and_acquired (by Aitas Minerals) ore deposits thai arewithin economic shipping distance of the mill;'therefore, additional o16 could irot Ue proceisea
unless the faci'lities were expanded.

3. The costs of transporting the appl'icant's ores to either of the three mills would be excessive,
consi.dering the]ow grade of ore to be shippe4except for the small amount oi ore from the
Blanding 0BS which could be.transported chbaply to the t,thite Mesa mill (iee Seit. s.i.til-
Assuming an averag^e ore grade of 0..|0% and tiansportation costs of '100 per ton-mile, th6 staff
estimates that, if.the^ore is shipped to these mi]ls, costs of producin! each pound of Ug0g
would increase.by-the_following amounts for additiona] transportation c6sts itbne (l.e.,"o6es
not include additional costs incumed for toll milling):

. d. Moab mill - $5.30 per pound,
b. Humeca mill - $6.35 per pound,
c. White Mesa mill - $4.40 per pound.

Transporting the ores.to existing mi'lls cou'ld reduce the total land requ'irements for processing
the ores. However, the environmental costs associated with uranium ore processing anb tailingi
disposal wou'ld not be decreased and would only be shifted away from the Shooteiin! Canyon areito the area of the mill receivi4g the ore. If the proposed mitt is not constructid, t-here is ahigh.probability that other mi'lls (or expansi.ons in'cafacity of existing mi'lls) witi le proposeain the area to process the ore now programmed for the ipp'lilant's mill.-

IO.5 ALTERNATIVE ENERGY SOURCES

'10.5..| Fossil and nuclear fuels
.|0.5..|..| 

Introduction

The use of uranium to fuel reactors for ge_nerating electric power is relatively new historically.
Coal was the first fue'l used in quant'ity for electrical powei generation. Coai use was reduced-
because of the ready availability and low price of oil .ahd natiral gas., which are cleaner uurning
than coal an{ easier to use. Uranium fue'l is even cleaner (chemicaily)-than oil or gas ana ai -
present_is-less-expensive, on a therma'l basis, than_any-other fuel usLit to generate 6lectric power.
The following discussion concerns the re1ative availability of fuels for poiler generation ovei^
the_next'10 to l5 years and a comparison of the health efflcts of utiliziirg coai and/or nuclearfuels as energy sources.
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10.5..l.2 Overview of U.S' energy usage and

Table 10.4. Reserues and current consumption of energy rcurces

Accord.ing to the National Ener.gy plan, published by the Carter Administration in April 1977'

the United States uses more en"eigy to-produce goods and services than any other-nation and

consumes twice as *r.[.n""gy peicapita as do6s 14est Germany' which has a similar standard

.i''iiri.s.i6--rn-rs75, ir'e ui,il"a Stites consumed approximately 71 quadrillion Btu's

iir'-'1[is1, or zi quiai (o), of energy,_with about 93% of this energv being suppl.ied bv three

ioisit iu"|i, oil,'naturai'gas, and cbal.16 Approximately 75% of our energy needs are

trppfi"a-UV naturai gas and ojl; howeve., because domestic supplies of these valuable resources

ir!'iirit.if (about 7% of proved reserves aie oii and gas),.the amount of oil imported from

foreign sources has inirelsed, undermining orr militaiy and economic security'i6 Table .l0.4

iitusirates the disparity u"t"""n availability and usage of energy sources in the United states'

Percentage of proven U.S. energY

reserves econom ically recoverable

with existing ( 1 975) technologY

Percentage of total U.S. energy

consumption contributed bY

each energy resource

Coal

oil
Gas

Nuclear

Other

90

0

18

46
z6

J

5

Despite concentrated efforts to slow down our consumption of oil and natural gas' increase the

,ii6.-.r-i"ii-burn.ing-faiiiiti"s, and further the uti l ization of nonconvent'ional energy sources,

.r.iSV demand forecaits indicate thq! by the-year.2000, approximatelv 43% of our energy will
stil be suppt.ied uv oir';;;-;;;, 21i._bi/.oir,-inO only a'small perc-entase (7%) by so1ar, geo-

thermal, and oil shale (Table 10.5).1/

Source: Tetra Tech, Inc., Energy Fact Eook - 1977, prepared under the direction of

the Director, Navy Energy and National Resources Research and Development office,

April 1977.

Table 10.5. Forecast of gross energy consumption for 1980' 1985, and 2000

1 980 1 985 2000

Fuel
Percentaqe

'| 0' ' Btu of grorr-
lo1 2 Btu Percentage

or gross

Percentaoe
l0' ' Btu

oT gross

Coal
Petroleum
Natural gas

Oil shale

Nuclear power

Hydropower and

geothermal

Totals

1 7.1 50
41,040
20,600

4,550

3,800

a7 ,140

19.7

47.'l
23.6

5.2

4.4

100.0

21,250
45,630
20,1 00

870
1 1,840

3,850

1 03,540

20.6
44.1

19.4
0.8

1't.4

3.7

100.0

34,750
51,200
19,600

5,730
46,080

6,070

163.430

zt,J

31.3
12.0
3.5

28.2

3.7

100.0

Source: U.S. Bureau of Mines, lJnited States Energy through the Year 2000. December 1975.

0f the 71 q of energy consumed in the United States in 1975, 20 q_consisted of electric energy'

Rn eitimatda 8.6% o-{ this electric energy was generated using nuclear fue1s, but within ten

years this percentage-ii-"ipeiiea to.iniiease io 26%. Coal was used for producing 59% of the

electric energy g"n"rui"a-Uy-iomUustion of fossil fuets in 1975; oil and gas produced 20 and
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2l% respectively. Use of oi'l and gas to generate electrjc power has decreased about'10% over
the last three years, a reflection of high oii prices and gas unavailability.ls

Current and projected requirements for ejectric energy (1970-1985) and re'lative changes in
resources used for generation, as estimated in the Project fndependenee report,lg are shown in
Table'10.6. The evidence availab]e at this time indicates that, of the resources currently
used in electric-power generat'ion (coa'1, uranium,,oi'1, gas, and-hydro), coal and uranium must
be used to generate an increasing share of U.S. energy needs. The supplies of oil and gas
availabje for electric power generation are decreasing, and the Unjted States does not have
sufficient oil and gas reserves to ensure a long-run supply.

Table 10.6, Estimated relative dtanges in resources to b€ used

for g€neration of projected electric energy requirements

Thermal energy required by years, %

Fuel resource used

197d 1974b tgsd 1s85c

Coal
Oil and gas

Nuclear
' Hydro, waste, etc.

Total quads of energy
required

45
38

2
15

15.6

45
34
4d-

17

20

4s q€
25 16
17 26
13 12

34

'Actual.
D Estimated from Federal Energy Administration, Nationa!

Energy Outlook, U.S. Government Printing Office, Washing-

ton, D.C., February 1976.
cCoaf usage must increase 77%bV 1985 to attain this level,
dUranium-fueled reactorsfurnished 9.9% of the total U.S'

production in January 1976.
Sou rce : Federaf Ene rgy Admi nistr ation, Proi ect I n d epe n d'

ence, U.S. Government Printing Office, Washington. D.C., 
"

November'1974,

l.lith increasing energy demands, both foreign and domestic, expectations are that in the next
few decades the prices of oi'l and and gas will increase rapidly as reserves of these two
resources become severeiy depleted. Because of the time lag between initia'l extraction and
consumption of the resource for energy production (three to five years from mjne to generation
plant for uranium and coal, five to seven years for construction of a coal generating plant, and
seven to ten years for construction of a nuclear generating plant), the exploitation of both
coal and uranium resources must be integrated with contemporary energy needs. Although coal
and uran'ium resources are adequate for foreseeable energy needs, major expansion of both
uranium- and coal-producing'industries wil'l be requiredj as neither of these industries is con-
sidered capable of singly supplying future energy requirements.

The determination of availability of uranium in iarge eriough quantities to fuel the projected
nuclear generating capacity (for .l985 

and beyond) is currently a matter of study.20 Results
of those studies are given in Appendix B, which includes an estimate of reactor insta]lation
through the year 2000 and the relative percentage of tota'l electricity-generat'ing capacity
these new insta'llations would reDresent. .l

rl'10.5. 1.3 Coa'l production i 
i

Congress and the Cart'er administration have stressed, via passed and proposed legislation,
the necessity of future decreases in oi'l and gas demand to alleviate our dependence on foreign
energy sources and to reorient our energy consumption patterns. The Pnoject Ind,qpendence
report of November 

.1974 
and the National Energ{ Outlook of February 1976 both prolosed that

'i

I

i
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coal production be increased from present lgut]: (anqrox]m1!91y 650 million tons per vear) to

approximately 1'2 biriion"ion' uv iges'll:i6 
-rht'major expansion-ot coal production will l'ikelv

be in the west (from approximately 92-milljon tons in tSZ+ to aUout 380 million tons in l9B5)'

because of the low sulfirr (low air potlutani'j ioni"nt of most "tit"tn 
coals' The potential for

environmental damage'iau. io-Oittrrbanc" oi-6.n"iuifv ft19il:^:totvttems) in the western

united States will be inireaseo. Because th6 maior markets roi ilri coal produced will be located

hundreds of mi.res r"o*'ir,.-""iiern m.ines, irinipirtution costs wi'l be high, as wi'lI the envi-

ronmentat impacts asioclitea with transpot;;;;;";i;itil' c"ttntlv' transportation costs for

brinsins western.oui"io-i[. "iii.rn 
unjt"i-iiii.r'iiiount.for the major portion of the market

pr.ice. Also, for a giu"n-thermal content,"t;;;;;ti iiiitititt for UgOs per year are minima'l

compared to those t"i'.i.r";;;;;t.-;i the'much higher glepJ content of-uranium fuel' Approxi-

mately250tonsofU306peryeara,.,".quirearor"al000-MW.nuclearplantoperatingataplant
factor of 0.g. Annual western coal requrrer.nit'ro. in-equivalent lb00-MW coal plant would be

more than 3 x 106 tons, or the.load.upu.iiy-of at least one unit-train (.l00 cars of .l00 
tons

eich), Per daY of Plant oPeration'

.l0.5.1.4 Uranium fuel Production

Estimates presented in the National Enet:.gy Outlook\s indicate,that 
.140'000 to .150'000 

MWe of

nuclear generat.ing capacityrill -be 
needet i.^trip'rv zoz.9l the total elect'ica1 energy used in

1985. The first ptoj-ect rndependence tupotiis-ihhilated that nuclear capacity could increase

to more than 200,000rMil;;i"985:" A tor!-r".ent and lower estimate resuited from lower proiec-

t.ions of etect.i.itv l"ian'.,'iinin.iui-p;";i;;;-t;o;tienttO bv utilities' uncertaintv about

oovernment policy, unJ-loniin"d siting t;;'i;;t;;l;g probleml' The more recent proiect'ions

;;';;ffi; '.equii.*.nts are given in Table l0' 7'

Table 10.7. Uranium reguitements

Lifetime U308 requirements (tons)

for specified Plant factorMWe operating
by I 985 0.6

142,OOO 704,000

Source: Federal Energy Administtation' National EnergY

Outtak. U.S. Government Printing Office' Washington' D'C''

Februarv 1 976.

Tab.|el0.Spresentsestimatesofquantitiesofuraniumavai.lab.leatd.ifferentrecoverycost
leve'ls. Assuming r.r.ru.i-"..oveiaU'te at i iorwarO cost of-production up to $30/lb of U30s'

the Department or rneigy=iobr)".iiiilii"o ilui-iti-,linuiiv lgTb tne total of all variouslv known

categories of uranium iLsources *u, uppro"iilit.i,-i'+A x .106-tons'2I An estimated 6'9 x l0b tons

of these resources consisted of known ""t;;";;; ihti it'^atirii;g and sampling have estab'lished

the existence of these deposits beyond r"utoniir" oouui.tt Appr6ximately 5.2 x .l05 tons of

Uqge could be recoverid-iffi;;tt io" g"ud"-oi" and Chattanooga shale foi about $100/lb and

aipioximately 4 x 10v ionr-of Ur"Ou trom seiwiter for an est'imated cost of between $300/lb and

$7 50 / 1b.22 " "

H.istorically, resources of'uncertain potentia] have become established at an average rate of

7% per year since 195;:1e If this rate were-to nerlls!_o1e1^the next decade'total reserves

would exceed requirements (.l,340,000 tons of reserves vs a maximum 960'000 tons required for

lifetime nuclear generating capacity rated-at i+i,OOO Mt^le) by about 380'000 tons' Assuming

no transfer of possinie-r"iorrt", iirto ttre ;i.ofiUi"; categoiy' probable resources would sti II

contain 430,000 tons.

M.i11 capacity in the united states as of January lgT8 was 39,210 tons of ore per day' These

mi.s ooerated at 79% oi"i.piiiiv-i"-rszz.- [.ui'ium oxide output was approximately 14'946 tons'

"irit.i!.t-io-auout 
2'5 lb bt u,ot per ton of ore'
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Table 10,8. U,S. uranium (U3Ogl resources

Forward cost
Reseruesa

(tons)
Potential resources (tons)

Probableb Possiblec Spectlativec

$30/rb 690,000 1 ,015,000 1,135,000 415.000

a Reserves are in known deposits,
oProbable resources have not been drilled and sampled as extensively as

reserves.
dPossible and speculative resources have been estimated by inference from

geologic evidence and limited sampling.
Source: Department of Energy. Statistical Data of dle lJranium tndustry,

Report GJO-100(78), Jan. 1, 1978.

A survey of U.s. uranium marketing activity completed by ERDA in May jg7724 indjcated thatannual contracted deliveries of u30B for_nuclear-powerei electric g;rneration piirii-i.itrrirsno recyc'le of plutonium and uranium-and o.20% urahium-235 enrictrmeit prini-iuiji'ilsay untilOctober'1, .l980,0.25% 
thereafler) will exceed.annual requirements unti.l .1979 (see Fig. lO.g).contracted imports of U306 wi1l exceed contracted exporis'-by-i considerabl;;aiai; over thenext few years. Through i990, cumulative contracted'importi of u,O's are 47,200 tons iapproxi-matetv 50% or future contracted imports win come riom biniorin idiicei), ffi;;r;;"i. r3,500 tonsto,be exported. Figure 10.8 i l lustrates total U30s requiremenis, domestic deiiveries, imports,and exports through 1990.

u/n--- ----./\ 
- 

t- REouTREMENTs
(0.20 TAILS UNTIL
1O/I/80, 0.25 THEREAFTER
NO RECYCLE}
208 cwe

€o

9zn
ct

c!-
vt
o
Fm

il\4PORTS

76 n 78 79 m 81 82 83 84 85 86 8t 88 8S 90
YEAB

Fig' l0'8. summary of,uranium requjrelnents.and.delivery conrnitments as of January 1, 1977.!ourqe:- Energy Research-and Developmerit Administration, s;;"i of united statee Uz,aniwn Mayket_ing aetioi-ty-, D'ivisr'on of uranium Resources una inii.r'm"nt, oiti." of Assistant Director ofRaw Materials, May 1977.
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Cumulative U.S. supplies of U30s (includjng domestic and foreign jnventories and contract

conunitments) witt exceli OOf-Stiiitt.ni t"6A requirernents until 1983' The gap between

cumulative supply ana-iimuiatiue i"qri""*"nit ii-"*[.gted to be approximately 58'000 tons bv

1985 and widen to upproiirui.iy-Zff,OOO tons by tggb (see Fig. 10.9).

E54632

/ REOUIREI\4ENTS
/ to.zo rArLs UNTrL

1Oi 1/80, 0.25 THEREAFTER
NO RECYCLE) 208 Gwe

j :oo

2
F
o 250z

r 200
CUMULATIVE DOIMESTIC & FOREIGN

URANIUM DELTVERY CO[4MITMENTS

PLUS BUYEFS' INVENTORIES

.- 1977 DELIVERY
cotvlMlTl\4ENTS

1977 1978 1979 1980 ',1981 1982 1983 t984 1985 1986 1987 1988 ',1989

Fig. 10.9. Comparison o! uega requirements and contracted deliveries plus inventories'

source: Energy n"t"ui.h-ino-oevEiSpmerit naministration, slmoe,u of united states llraniwn Mav'ket-

6d nettu.i.ta, D.i v.i sion-ot uranium nbsourcei"ana-iniicnment, 0fiic; of Assistant Director of

Raw Materials, MaY I977.

10.5.1.5

Research conducted by the U.s. Nuclear Regu'latory conmission2s comparing.the hea'lth effects

associated with the.rif'tr"i'.V.i"-iri.ii6,-iiot.iiits, fygl traniportation' power generation'

and waste disposall i.a'tn!-t"iiiu* ir"r iiir! (ti.itgl-mitling, uranium enrichment' fuel

preparation, fuel transportation, por"t. g."n""ition, iiiadiated fuel transportation' and waste

d.isposat) indicated #;i-i;;;";;6s'in tn6-ui" ot .out for power generation mav cause the adverse

health.impacts retated to electric energy froduction to increase' As defined by the study'

hear th effects u"" ,iit"i i;-G"r; oi-,'"i.5ril-i""iir iiv,-ro"ui ai tv (di sease an-d i I I ness ) ,

and injury u*ong o..uiiiionif-toii."t ana-ine g;nerat piUtic, wherl "excess" implies illness
and injury rates hiSi6.'i[';.'nortii-ina pt"ntit[i" deati'rs. The estimated excess deaths per

0.8 sisawatt-y"u".teit"ii"iei^ivfi.it-ii.A.;;;; iooo rlw" porvgr olant operatins at 80% of

capacity for one V"uri-r"r."O."ql'toi in ali-huclear economy (assumes that all of the e'lec-

tricity used within ifi""nrif"i" tuei CVcfe'il-generated-by-niclear power) and l'l to 5'4 if all
the electricity useo-ii itre'uianium tult iycie"(primarilrfg!" uranium enrichment and reactor

operation) came from ioui-ii""a p]ants. iii.it'beaths f-or the entire coal cycle varied from

i-S-to-iZO'per 0.8 eWy.iei. lloitiiity estimates are shown in Table l0'9'

Excess morbidity and jnjury rates-for workers and the general public resulting from normal

operatjons and accideni!-ii an iir-nr.t"u"-.i.i;-";;; Eili.it"h io be about 14 per 0'8 Gt^lvr(e)'

with injurie, to rinE"i't"[.'u.iia"nit iiurli, cave-ins' and explosions) accounting for ten of

these occurrences. ii".ii-Ir,I-"i"itiicit-p"".r-ri"a in'the uranium fue'l cycle originated from
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Tabte 10.9. current energy source excess mortality summary p€r year per 0.g.GWyr(el power plant

Occupational General public
Totals

Accident Disease Accident Disease

Nuclear fuel cycle

All nuclear

With 100% of the electricity used in the
fuel cycle produced by coal porarerd

o.14h o.osc 0.066 o.47

o.24-o.21a'e o.14-o.46bJ o.1d.e 0.64-4.6h l.l -5.4
(t.S. populatlon for nuclear effects; reglonal populaHon for coat effects)

Regional population

Coal fuel cycle

0.35-0.65e O-7f 1.2c t3-t lo/t 1s420
Ratio of coal to nuclear: (all nuclear) 32-260

aPrimarily fatal nonradiological accidents, such as falls, explosions, etc.DPrimarily fatal radiogenic cancers and leukemias from normal operations at mines, mills, power plants and
reprocessing plants.

cPrimarily fatal transportation accidents (Table S.4, I 0 CFR part 5l l and serious nuclear accidents,
"U.S. population for nuclear effects; regional population for coal effects,ePrimarily fatal mining accidents, such as caveins, fires, explosions, etc.
'Primarily coal workers pneumoconiosis and related respiratory diseases leading to respiratory failure.gPrimarily 

members of the generar pubric kiiled at rair crossings by coar trains.

'Primarilyrespiratory failure among the sick and elderly from combustion products from power plants but
includes deaths from waste coal bank fires.

ilo@o of all electricity consumed by the nuclear fuel cycle produced by coal power; amounts to 45 MWe per 0.g
GWyr(e).

^...1y=_!' L. Gotchv, Health Effects Attributabte to Coa! and Nuclear Fue! Cycle Alternatives, Report
NUREG'0332, Division of Site Safety and Environmental Analysis, Office of Nuclear Reactor Regulation, U,S,
Nuclear Regulatory Commission, September 1g77.

o.2f

coal-fired plants,..these rates would increase to approximately 17-24 per 0.g GWyr(e). Theestimated excess disease and iniury rate for ttre cbht CvCie-wis sz-itb-per-o.a'cWJ)"(.1."'doat-related illnesses among coal mineri and the geleral pub"lic-anJ injuries'to mineri"account forthe majoritv of nonfata'l cases. Table .l0.'10-i'llustrties ineie coiparative illness-ind-irir"vrates.

Although the adverse health effects related to either the uranium fuel cycie or the coal fuelcycle represent small additional risks to the general public, the study ionctuaeo inat ,,. . .the coal fuel cycle may be more harmfu'l to man-by factbrs of'4 to ZOO iepenOing-on-the effectbeing-considered' for an alI-nuclear economy, oifactors oi g to 22with the assumption thatal l of the electricity.used 9.y thq uranium iuet cyite 
"or"t i"or loui-iljw"i;"a;iilir . . .,,(f"I, ??'p. :ll).. Adaitionaliy, n. . . ine impaci oi irinip.ortation of coat is based on firmstatistics; this impact alone is greater than the conservative estimates of health effects forthe entire uran'ium fuel. cycle (all nuclear economy)..and can r;asonabrv le expeii"l to 

"o"r.nas more coa'l is shipped over greater distance .-." (ref. 25, p. l3).
"l

I 0. 5. 2 Sol ar, geothermal , and syntheti c fue l s 
i

Estimates reported. in the National Energu outTookrs indicate that solar and geothermal sourceswi'll each :upply about.l%.of.U.S.-energfrequirements uv iges-ana about 2% by 1990. suppliesof synthetic.gas and oil derived from ioal uii't1 pronaut! nbt-"x.eed'l% of u.-s. energv require-ments as of the vear I990. These projections arb based-on"anv-ionsii""iti"nt.-"iire techno'logyexists in all cases but not in a proven, commercial'ly viaUte minner. The potentiai-fo" prouiiithese technologies on a cormerciai scale is great, uirt timeiy aeu"topr"ni fiiii"""iri"e a favor-able market as well as governmental incentiv6s. A maximum o? a% ot b"oJ".i"a'tbdd-"nergyrequirements is expected to be derived from solar, geothermal, ana synii-iii-rrii-"".ourcescombined. 
i

,l
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Table 10,10. current energy source summary of excess morbidity and iniury per 0'8 GWyr(e) power plant

Occupational General public
Totals

Morbiditv Injury MorbiditY Iniury

Nuclear fuel cYcle

0.84a 1* o.(t 14o.7*All nuclear

With100%ofelectricitvusedbythe 174'11 13-14b 1'3-5'39 o'55'

fuel cycle produced bY coal Powere

tu.i. pqp"r.;l* fo" nuclea" effectsi r€slonrl t*t"#lrl; coal effects)

Regional populataon 2o-7or 17-34 lo-lod lf 57-2\0

Ratio of coal to nuclear: (all nuclear) 4'l-15
(dth coal Porer)3'4-8'8

aPrimarily nonfatal cancers and thyroid nodules'
bprimarily nonfatal injuries associated with accidents in uranium mines, such as rock falls' explosions' etc'

cPrimarily nonfatal cancers, thyroid nodules, genetically related diseases, and nonfatal illnesses following high

radiation doses, such as radiation thyroiditis, prodromal vomiting, and temporary sterility'

dTransportation-related inluries from Table S-4' 10 CFR Part 51'

eU.S. population for nuclear effects; regional population for coal effects'
tt;;;il; nonfatal diseases associated with coal mining, such as coal workers pneumoconiosis' bronchitis'

emphysema, etc.
gprimarily respiratory diseases among adults and children from sulfur emissions from coal-fired power plants but

includes waste coal bank fires.
h Primarily iniuries to coal miners from cave-ins, fires' explosions' etc'
iPrimarily nonfatal injuries among members of the general public from collisions with coal trains at railroad

crossings.
rlov/o ol all electricity consumed by the nuclear fuel cycle produced by coal power; amounts to 45 MWe per 0'8

GWyr(e).

source: R. L. Gotchy, Heatth Effects Attrihttabte to coa! and Nuclear Fue! Cycle Alternatives' Repoft

NUREG-0332, Division of site safety and Environmental Analysis, office of Nuclear Reactor Regulation' u'S'

Nuclear Regulatory Commission, September 1977'
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The NationaL Energy PLants does not set
qeothermal energy' but does state that,
Z.s million homes bY 1985.

'10.5.3 By-Product uranium

uranium recoverab.le as a by-product of phgsphate ferti'lizer and coppql.Production is estimated

to be 140,000 tons tnioigi'tfie-veir 200b.21 These reserves are in addition to the 690'000 tons

ii [so,"irium available from c-onventional mining and milling sources'

The fol'lowing is noted in a report by the Nationa] Academy of sciences:26

Like al1 by-product commodities, by-product uranium is entirely dependent upon

;ilr;ii#"t ih; p"i;;"v-cottoiiiv, is limited in amount bv the leve'l of production

of the primary commodity' and'is unresponsive to the demand-for uranium' By-product

uran1um could be obtaj;;a from the mining of phosphate, copper' and lignite'

Much phosphate is treated with sulfuric acid to produce fertilizer and goes through

;-;i;o;ph;;i; iciO step.--Uianium in the.phosphate can be recovered from the

ohbsphbric acid. .'. It has been estimated that about 2500 ST U306 per lear
:;;il ;; ieioveieo from Ftor.ida phosphate m.ined for fertilizer.

The Bureau of Mines studied the su'lfuric acid leaching of'low-grade dumps at.l4 porphyry

.opp"i mines and.on.irJ"a-tnii auout 750 ST urgq Ptl IglI:9lrd be recovered' This

would be recovered trom-"o.is whose uranjum coit6nt ranges from l to'12 ppm'

specific goals for increased use of synthetic fuels or
ui a possible goal, solar energy wil'l be used in
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The Bureau of Mines thought that other porphyry copper deposits might also be possible sourcesof bY-Product uranium. rsv ve HvJ'

The staff has studied-available data on the potential of uranium production from phosphaterertilizer production2z.llg IIST gopp?r aump'ieiiriine,-anl';;iil.i;;-ilii"il""|iiti"n courdreach 3000 to 5000 MT,(4000-6000^toiri) per year tror"ifroiphqr!q ac.id extraction and 400 toe00 MT (s00-1000 tons)..per-vear trom coiip"iii*p i;;c[;;;:ri:td -Nrir'""iiiii'tur'L""n 
expendedto determine the amounts of uranium thai'might be recoveiea rrom loai ina-iig;iie. some.uraniumwas recovered from lignite ash in the ear-1y-i960s, but the lign'ite itseii wui noi a suitablefuel.for.the,process; supplementary fuel iryis neeaia for the necessary conversion to ash. Nouranium has been recovered as a by-product from the alh oi-coar:-or iis.ii"-ii".d'po*." plants.Ash sampies continue to.be anaiyzLo'for uranium, but to_date-no ash coitaining more lran 20 ppmu30s has been found, and most ash samples contain from l io-ro-piil"uror.la""'Y "'v'

'10.5.4 Energy conservation

The cornerstone of the National Energa PLan is conservation, the cleanest and cheapest sourceof new energy supply.

If vigorous conservation measures are not undertaken and present trends contidemani is proiected to in.reiie-Ey-r0"" than 30% between now [1977] ano tsss.!!e' 
energy

The National En?:sa PLan lists the fol'lowing consuming segments as being prime targets forenergy conservation:

l. transportation, 'i
?. buildings, including residences,
3. appl i ances,
4. industrial fuel use, and .5. industries and uti'lities usihg cogeneration of electricity and 'low-grade heat.

Part of the Nationa.L Eryergy P.Lon will be the uti1ization of all possible governmental neans(tax reduction, incentivei-, aireci suuiiay, and tegisiition and i.,egriitio;i'io'l[ung" the pastrelationship between energy.production ani-use 
"r-er".gy'reqiirements in the United stateswhere energy usage is.two times higher per capita than"in oiher inoustrial countries forenergy consumption and production and energy use. :i

The National Enerqu PLan .c16ar1y states that both_coat aria nuclear electrical generationfaciiities will bE"needeo to me"et-etiituies ot U.s. enersv Fqri""r"nts through the year2000' even if the conservation goals of the PLan are met]" ine retative amounts of eachenergy source used will depend on economic and regional environmentat cons.iOeritions.

10.6 ALTERNATIVE OF NO LICENSING ACTION J

,l

Anong the alternative actions available to the NRC is th6 denial of a source Material Licenseto the applicant. Classifications of source materjals are discussed in l0 crC part 40..|3(b);these classifications are based on section 62 of the ntori.-in.rgy_Ac! of 1954, which specifi_ca1'ly exempts "unbeneficiated ore" from contro'|. Under thes- regulations plateau Resources Ltd.could mine the ore but could not process it, itrouta irr. riic-irnv-the source materiat License-
Exercise by the NRC of this option would'leave.the app'ticlnt with three possib1e courses ofaction: (a) mine the ore.and'have it processed ii iii'exiilind riri posr&;i;;'i iir"."Material. License; (b).postpone the project wtrlre itiempliil il remove the objections that .led
to the denial of the'license; or (c) abandon tt'e projeli.;"nii"rnuitu"-iil-r,ii-iein oiscussed insect' 10.4. Alternative (b) is essentially.ttre abpiicini's'pioposal (mere'ly shifted in time),which is the subject of thii statement. nitJinatiie (i),1ir,Ei."r;";; i;-i[;"oiiy'iiternativediscussed herein. '-'_t " - b'v's' v"'r q' 

,.

If the.applicant were not awarded a source Material Licenle, the uranium concentrate it intendsto produce would not become available for use as ruei in,nuiriu" reactors in as timely amanner' The relationship of e'lectrical energy pfoduced uv-nuitear reactors to-the"'total U.S.energyrequirementshasbeendiscussedinSeii.'l0.5.
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The yellow cake produced bv the,Shogl:1i1g Canvon Tiflvlj-il^*'used as fuel in nuclear reactors

that are e.ther operating br under^cont,tt'ciio"n' These reacto"i-*lll produce electric power

for sale to U.s.. .ons""is' Lack of r'"r ii"il'*9;1i; those^rlaltors'short of fuel to reduce

their output ano cou.l'.'ionceivauly result;;-ih" itiutdown of some of them.

Theapplicanthasindicatedthetfl:t::,?flossesgf'lot1l-andregiona'leconomicbenefitsthat
would occur if the snootering.canyon mirr,wrrere-ioi ticensea' uno-nit also pointed'out the

environmentat costs inii-"ouio noi be.in.'l'El=''rti'fa'nt rit"nt"-u" issued' Overa1I' the

benefits accru.ing ,ror-itr"-ril1 outweigh the costs'
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The ye'l|ow cake produced by the Shootering Canyon mil'l will be used as fuel in nuclear reactors
that-are either bperating 

-or 
under construction. These reactors will produce e-1e_ctric power

for sale to U.S. consureis. Lack of fuel would require those reactors short of fuel to reduce

their output and could conceivably result in the shutdown of some of them.

The applicant has indicated the effects of losses of'local and regiona'l economic benefits that
fvoufA'bccur if the Shootering Canyon mill where not licensed, and has also pointed-out the
);;i;";il;iai .oiis inat wouia noi be incurred should no license be issued. Overall, the

6lnefits accru'ing from the milI outweigh the cost's.hnefits accru'ing from the milI outweigh the cost's.
\
\

\

\
\

irF.'' /li*, -.,r..,{-,,.,.rr
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I'I. NRC BENEFIT-COST SUMMARY FOR THE SHOOTERING CANYON URANIUI4 PROJECT

II.I GENERAL

Implicit in the decision of a utility to.construct a nuclear power plant is that the uranium
needed to fuel the reactor is available (Appendix B). For each application to the NRC for a

oermit to construct a nuclear power plant, an Environmental Statement is prepared that jncludes
a review of the availability of uranium resources. The uranium to be produced by the Shootering
Canyon mill is among the total U.S. resources considered to be available to the commercial
market for reactor fuel; thus, the uranium from this mill is needed to meet the demands of the
nuclear power industry. In the Environmental Statement, the benefits (the electrical energy
produced) of the nuclear plant are weighed against the economic and environmental costs,
including a prorated share of the environmental costs of the uranium fuel cycle. These incre-
mental impacts in the fuel cycle are justified in terms of the benefits of energy generation.
However, because these costs and benefits are not localized, it is appropriate to review the
specific site-related benefits and costs for an individual fuel cycle facility such as the
Shooteri ng Canyon mi 1 1 .

11.2 QUANTIFIABLE ECONOMIC II"IPACTS

Section 4 of this Environmental Statement treats the quantifiable economic impacts for the
Shootering Canyon Uranium Project. 0n the one hand, many monetary benefits accrue to the com-
munity from the presence of the mill - for example, 1oca1 expenditures of construction and
operating funds and payments of State and local taxes. Against these monetary benefits are the
monetary costs to the different communities involved - for exampie, costs for new or expanded
schools and other community services. It is not possible to arnive at an exact numerical
balance between the benefits and costs for any one community unit or for the mill because the
distribution of revenues to support services may not be timely or completely consistent with
those geographical .locations 

where impacts occur.

I I .3 THE BENEFIT-COST SUMMARY

As stated in Sect. 11.1, the benefit-cost summary for a fue'l cycle facility such as the
Shootering Canyon Uranium Project rests on a comparison between the societal benefit of an
assured U30s supplj (ultimately providing electrical energy) and local environmental costs for
which there are no directly related compensations. For the Shootering Canyon mill, these uncom-
pensated environmental costs are basically two: radiological impact and disturbance of the
land. As shown in Sect. 4.7, the radiological impact of the Shootering Canyon mill is acceptable
by current standards. The disturbance of the land, as shown jn Sect.4.2, is a long-term impact
that is judged to be small in comparison to alternative uses the land may support in the future.

I'I .4 STAFF ASSESSMENT

The staff has conc1uded that the adverse environmental impacts and costs are such that use of
the mitigative measures suggested by the applicant and the regulatory agencies involved will
reduce to acceptable levels the short- and long-term adverse environmental impacts and costs
associated with the project.

In considering the energy value of the U306 produced, minimal radiological impacts, minimal
long-term disturbance of land, and mitigable nature of the impacts of growth on the local
communities, the staff has concluded that the overall benefit-cost balance for the Shootering
Canyon Uranium Project is favorable, and the indicated action is that of licensing the facility.

il-l



B-3

B.I THE NUCLEAR FUEL CYCLE

The nuclear fue'l cycie comprises all the processes involved in the
a source of energy for the generation of electrical power.

The nuclear fuel cycle consists of several steps:

'1. extraction - removing uranium ore from the ground, separating
the waste, and converting the uranium to a chemically stable

Appendix B

BASIS FOR NRC EVALUATION OF THE SHOOTERING CANYON URANIUM PROJECT

utiIization of uranium as

the uranium content from
oxi de ( nomi nal 1y U 30s ) ;

2. conversion or fluorination - changing the U306 to a fluoride (UF5), which is a solid at
room temperature but becomes a gas at slightly elevated temperatures, prior to enrichment;

3. enrichment - concentrating the fissionable isotope (uranium-235) content of the uranium
from the 0.7% occuming in nature to the 2 to 4% required for use in reactors for power
generat i on;

4. fabrication - converting the enriched uranium fluoride to uranium dioxide (U0z), forming
'it into pe11ets, and encasing the pellets in tubes (rods) that are assembled into fuel
bund'les for use in power generating reactors;

5. nuclear power generation - using the heat resulting from uranium and plutonium fission
to generate steam for use in the reactor turbines;

6. spent fuel reprocessing - chemical separation of fissionable and fertile values
(uranium-235, uranium-238, plutonium) from fission products (waste), wjth concurrent
separation of uranium from plutonium; and

7. waste management - storage of fission products, spent fue1, and low-level wastes in a

manner that is safe and of no threat to human health or the environment.

Step 6 (reprocessing, involving the recycling of plutonium), which had tradjtionally been

coniidered as an esiential part of the nuclear fuel cycle, was recently defemed by the
National Energy Plan (NEP)1 as a necessary part of the cycle. The U.S. commitment to advanced
ruclear technologies based on the use of plutonium recovered by the reprocessing of spent
light-water-reacaor (Ll'lR) fuel has also been deferred. These policy.statements enter into the
stiff's evaluation of the need for licensing the Shootering Canyon mill, because without repro-
cessing, all LI,JR fuel must be derived from the mining and milling of new U30s from proiects
such as the Shootering Canyon mill and the related uranium nines.

This cycle, as defined by current policy, is portrayed in Fig. B.l.

Nuclear reactor operation converts about 75% of the fissionable isotope (uranium-235) into
fission products, thereby liberating thermal energy and creating plutonium, another fissjonable
element, in the process. Some plutonium is retained in the spent fuel.

The spent fuel removed from the reactor is stored at the reactor site (and_later at the repro-
cessing p1ant, if policy changes) to "cool," The radioactivity of the fuel is reduced by a

factor-oi about l0 aftei .l50 
days storage. l^lithout reprocessing, this spent fuel is considered

waste. Policies and methods regarding its storage and/or disposal are currently under study by

the DOE and NRC.
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ES.4694

NUCUAR
POWER

GENERATION

'AFR ' Away From Reactor

-Sleps 
Involving uranium

Fuel (Fresh or Spent)

---Steps Involving Intermediate-level
and Lov-level Radioactive Wastes

Fig. B.i. The Lt,lR fuel cyc1e.

8.2 USE OF NUCLEAR FUEL IN REACTORS

Two types of reactors are currently used to generate essentially all of the nuc'lear energy sold
in the United States: the boiling-water reactor (Bl,|R) and the pressurized-water reactor (PWR).
Each reactor type is operated with a fuel-management scheme designed to meet the requ'irements
of the utility operator. D'ifferent fuel-management schemes result in different fuel burnup
rates which, along with other design parameters, affect the quantity of residual fissionable
materials, the type and amount of radioactive wastes in the spent fue1, and the quantities of
nuclear fuel consumed.

The need for uranium fuel, as dictated by the installation of 380 Gl^le of nuclear capacity
anticipated by the year 2000, is shown in Tab'le B.l. A 1000-MWe reactor will require =30 MT
of uranium fuel per year at a plant factor of 0.6 and,=30 MT of uranium fuel for a plant factor
of 0.8. The term "plant factor" indicates the ratio of the average power load of an e'lectric
power plant to its rated capacity. For a 3% enriched fuel and 0.25% enrjchment tai1s assay,
7.9 times the metric tons of fuel replaced equals the standard tons of U30s required for a
1000-MWe power p1ant. The percentage of total electrical generating capacity over the same
time period that this schedule represents is shown in Table 8.2. 0n the basis of recent-state-
ments by the industry and the DOE, the staff believes ihat this schedule represents a maximum
for nuclear reactor installations between 

.|990 
and 2000 but is reasonably accurate through'reeo.2 i .

Cumulative requirements through the yeai'2000 would UeleAf,OOO MT of uranium as U30s (Table B.l).
Tab'le 8.3 compares th'is requirement with available uranium (reserves and probab'le resources)
for the year 2000 and the 30-year plant lifetimes of the 380 Gtlle projected for jnstallation by
the year 2000. Requirements and resources are in reasdnab'le ba'lance;3 that is, the sum of
reserves and probable resources is approximately equal to the fifetime requirements of the
380 GlJe instal'led by 2000.

I

I

I inrLrncs 
I

I P|LE 
I L/

REACTOR SITE
SPENT RJEL STORAGE

I
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Tabfe 8.1. Proiected U.S' requa?ements for U3O6, 1976-mheb

Generating
Year capacity

(GWe)

Annual
U: oa

requirements
(MT)

Cumulative
U: oe

requirements
(MT)

1 976
1977
1 978
1 979
1980

198r
1 982
1 983
1984
1 985

1 986
1 987
1 988
1 989
1990

1 991

1992
1993
1 994
r 995

l 996
1 997
1998
1999
2000

43
49
53
57
61

74
87

100
112
127

141

154

167
181

195

210
225
240
260
280

300
320
340
360
380

9,500
1 0,000
10,000
1 1,000
1 1,000

1 7,500
r 8,000
20,500
22,500
26,500

28,000
30,000
32,500
35,500
38,000

41,000
43,500
46,500
51,500
54,500

58,000
61,500
65,500
68,500
71.500

9,350
19,1m
29,100
40,200
52,000

69,400
87,600

108,000
130,000
1 57,000

185,000
215,000
248,000
283,000
321,000

362,000
406,000
452,000
504,000
558,000

616,000
678,0m
743,000
81 1,000
883.000

aThe annual U308 requirements were calculated on the basis of

annual discharges of 28 MT/GWe (0'7 plant factor) of spent fuel and

reolacement of that spent fuel with a 3% enriched fuel with tails assay

ol O.25% in enrichment.
DTo convert to short tons, multiply by 1.1'

TabfeB.2.Comparilonoftotalandnucleargenoratingcapocity,opelatinginyear3lSTT-m(JfJ

Nuclear generating capacity (GWe)
Total generating

year capacity (GWe)a
Planned or under

construction

Nuclear,

Estimated minimum case

(%)

Nuclear,
maximum case

(%lMinimum Maximum
Actual

1978 507

1980 544

1985 624

1990 7U
1995 869

2000 1039

507

627

840

1 131

1525

2092

49 12

16

m
26

32

36

12

14

15

17

18

18

u
127

195

2AO

380

aFrom "Electric Utilities Study" by TRW for ERDA, Contract E(49'11-3885' pp' 1-19' et seq'

Maximum case is 7.0% compounded annual growth through 1985, then 6.4% to 20fi). Minimum case is

3.9% through 1 985. then 3.5% to 20fl).
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Table 8.3. comparison of U.s. reactor requirements and domestic resource avairabirity
(in metric tons of U3Os as of January lglgla,b

Time period Reactor demand
Resource availability

At S]o/lbc At $50/lbc

Through year 2000

For 3O-year lifetime of 380 GWe

Reservesd

Probable resources

Sum of reserves and probable resources

883,000

2,051,000

626,000

921,000

1,550.000

808,000

1, I 80,000

2,000.000

aTo convert to short tons multiply by l.l.
6Based on information presented by U.S. Energy Research and Development Administration (now U.S,

Department of Energy) at the Uranium Industry Seminar, Grand Junction, Colorado,.October .|977, 
and in

"ERDA Makes Estimate of Higher Cost Uranium Resources," U.S. Energy Research and Development
Administration, June ,|979.

cCosts include all those incurred in property exploitation and production except costs of money and
taxes.

dDoes not include 126,0fi) MT of U3Os which could be, produced as a by-product of phosphate
fertilizer and copper production. I

I

I

ln 1977,23 mills produced about 12,000 MT.of U30s whil{ handling 32,000 MT of ore per day.These mills operated a! 99 !0.85% oi capacity. "rfie u3o6' lonient.of the ore was less rhan
]..1 tgtNr (s iu/ton; .0.]5%t:'*- Ot"i pr6.Ltr.d by the shootering canyon miil wiil have a ,U30s content approximating this national average.

As can be seen in Table B.l, the annual requirement for u30s in l98l (]7,500 MT) exceeds theoutput of existing uranium_mills (.l2,000 MT). In .|9g0, tie'shooterinrj Cinvon U"uniurn projectwill produce 6% of the.national cipacity for tons of ore-p""-Juy, and its iotal production ofu30s through the next 15 years of bperaiion would be auoui-sz-oi'ilre-naiionii-re[uirements.
The project will contribute to meeting the demand forecait for the nuclear power industry.

REFERENCES FOR APPENDIX B
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TICABOO FEASIBILITY ANALYSIS

1. Because the development is isolated' there is
and no costs are marginal.

2. The development is very sma1l, which makes it
in terms of typical service area populations

Introducti on

The Ticaboo subdjvision should provide a quality of life considerably higher that what the
employees of the Shootering Canyon project would experience in an unplanned trailer camp.

Foi^ eiample, the site plan-ca1ls for clustered housing, which minimizes disruption of the
'land and maximizes the preservation of open space. The site plan also visually separates
oortions of the development from each other (e.g., commercial from residential), which helps
io preserve the resident's sense of privacy, The modular and conventional houses are proposed

to be built with adobe, which will further help the development to blend with its setting'
In addition to the visual aspects of Ticaboo, the applicant's consultants have also been

i;yi;a to establish a high-qirality school _system.for Ticaboo with the assistance of.Brighant,XgHlS
Uniue"sity (representat.iie of Quality Devel6pment, Inc., ppjy6!e conmunication, August 1l, 19/A).

It is important to study the feasibil'ity of Ticaboo to see whether the applicant's goals can be

ach'ieved under the development currently proposed. A standard feasibility analysis for a

proposed housing development estimates the initial and monthly costs of hous'ing and services
and compares them with the estimated incomes of potential residents. 0rdinarily these costs
include marginal costs of utility extension. There is usually an existing housing market
with which the costs can be compared.

In the case of the Ticaboo Subdivision, there are several factors that prevent a standard
feasi bi 1 i ty analysi s:

no housing market avai lable for comparison

'impossible to evaluate the proposed services
(e.g., the development rea11y needs only

part of a pol i ceman ).
3. A lact< of information exists on key financial issues, such as costs of housing and

services, financing mechanisms, available income, and assets of proposed residents.

Given the above problems, a definitive cost-revenue-oriented feasibility study-is not possible
at this time. Instead, ihe following evaluation is based on ('l) the history of other
comparable developments and (2) qualitative evaluation of the plans provided by the applicant.
The evaluation examines the following issues:

o housing costs re'lated to income of purchasers'

r effect of large proportion of mobile homes on development feasibi lity,
o market for development without the Shootering Canyon Uranium Project,

o financial feasibi l ity of infrastructure development, and

r overall project feasibility.

Housing Costs Related to Income of Potential Purchasers

Ticaboo is expected to contain about 300 housing units. About 40% will be single-family houses

of modular or conventional construction; another 40% will be mobile homes; the remaining
20% wi ll be in multifamily housing.



llouging costs are estimated to be between $376 and $426 fbr the modular houses and about
$48.| for the conventional houses. Some mobi'le homes w'!11 be provided by the deveiopment;
monthly costs for these will be $268.t It is assumed that muitilamily units would rent at
close to the same rate as mobile homes. 

t
In contrast to these housing costs, the developer's corlsultant projected those portions of
employees'-monthly incomesl that would be available foq housing expenses. thes! dollar amounts
represent 25% of the disposable income. (Disposable iricome is-80%'of gross income.) Althoughthis.figure (actua't'ly 20%.of-.the gross'income) is somewhat higher than-the fS% spent on housing
by the-typical U.S. household, it is still acceptable. I fn ta-t many government programs allowparticipants to pay 25% of their gross income on housirig.

I

Early estimates from the.applicant and Ticaboo deveioprir indicate a possible problem of
meshing housing costs and available income.from expected purchasers bt those houses. Monthly

Skil] leve] Monilily income available for housi

Supervisors | $gqZ

Miners | :OO

Miner assistants I ZSO

Mechanics, electricians, equipment I

operators (A) | ZAO

Mechanics, electricians,.equipment I
operators, carpenters (B) | ZAO

Laborers and trainees I tSO

Kitchen, office, and warehouse workers I tSO

As the cost and income figures reveal, only families with more than one wage earner could be
expected to afford either conventional or modular units'. Most employ'ees c6uld afford mobile
homes. The applicant's consultant contends that many o,f the famiiiei will consist of two wigeearners. The question remains whether the secondary wage earner would be emp'loyed at the timeof moving to Ticaboo. Most banks would include a1i famjly income in estimating the fami'ly's
capacity t9 Pa.y the monthly housing costs; it is unjike'1y-, however, that bankeis wouta iniiuOethe potential income of a family member. Therefore, atiltre 1east, there is a timing problem
related to the affordability of housing. 

I
The consultant reports that efforts to reduce hous'ing cbsts are continuing. In addition,
wages are expected to rise soon, when new mining contrabts are negotiated. Even if housing
costs are reduced and-wages rise, the workers may sti'lllhave a pr6blem with down payments.-
The appficant is considering alternative plans f-or assiiting emp'loyees wno navt aiiiliuiiv
meeting_down payment requi.rements or who cannot qua'lifyi for-perinanLnt home financing.Possibilities would include_mortgage guarantees dr leaib/purthase arrangements invoivlng
properties_owned by the applicant.2 If incomes and houbiirg costs cannoi be made to corie'late,it 19 like1y that the'lower-cost housing (mobile homes hnd-multifamily units) witi-predominateat Ticaboo. 

t

0ther simiiar_developments have faced the problem of miimatched housing costs and worker
]ncome' or reluctance to buy housing, in a variety of wiys, a'll of whiih involve some
combination of a lease/purchase option. Three exampleslbf such options follow:

- ....once enough money had been paid to equai a Sfpercent down payrnent on a
bank home mortgage all the rent money was returnedlto the renter f6r the homepurchase 

I

A renter when buying, gets credit for all improvemlnts as well as a year,s rent
deducted from his house cost
At any time during the initial.three years a rentirig employee may purchase his
house, receiving one-half of his base rent as an inierelt-iree iilair, which isforgiven at the rate of t/30th of the original amount for 36 months.3

It is recormended that the applicant further consider these options for the Ticaboo development.



Effect of a Large Proportion of Mobile Homes on Development Feasibility

The goal of the developers of Ticaboo is to provide^a high-quality community for.the workers

and their families who'will be associated wiih the Shootering Canyon Uranium Proiect. This

Olueiop*ent is intended to be superior to the traditional trailer camp found at similar
facilities. The cleveloper recognizes a need to allow some room for mobile homes - partly for
the construction worteil'una-piiliv-ior single- or 'low-income permanent employees. Employees

wi I I be al I owed to bri ng thei r own tra i l ers '

Th1s ra1ses the quesr.ion of whether the anticipated 40% mobile,homes will have any effect
on the success of rlcaboo. ihere'is no conclusive answer to this question from available
research. Although *oOit" homes do not preclude the development of a desirable community,

they do add some risk.

The risk at Ticaboo is lessened somewhat because people in remote western areas are accustomed

to living in or near mobile homes. Moreover, Ticiboo attempts to minimize the visual impact

of these homes by gro;ii.g'th"*-i.puiit.iv fiom other areas of the development in a location

not-."ioiiv visi6t6 trbm lire road. There may !g.some aesthetic problem w]!!in the,mobile
'h;.';;;. isin.e-ui.iori iii.t and styles ar! tifety to be.present), but this can be remedied

with landscaping or some unifying arc-hitectural treitment (such as porches)'

peop.le are less 1ike1y to buy higher-priced homes if mobile homes are available. This situation
ir-!ip.iiiftv iir<etv ir-i."uices"(particularly schools) are not avai lable when the plant

;;si;;-i;ii i,p"ruti"on. Finariv, th. developmlnt might operate successfullv as an all-mobi le-
lofie.or*unity ir appropriate 

"site planning and infiastructure were provided, but it would not

be the same c-ommunity as proposed by the developer'

Market for the Development l,Jithout the Shootering Canyon Project

The applicant reported that "Ticaboo will be developed regardl.ess of NRC's action on Plateau's

propoiba p.oc.ssing iu.iritv.u The implication is that demand from the neighboning Bullfrog
iqurinu, Gien Canyoi Niiionai Recreation Area, is sufficient to provide a market for all the

p.opoi.a units. "Sufficient evidence has not been provided to support this claim. If it is
true that Tjcaboo *ouiJ t'iu"-u market otnJi ttran tire employees oi the Shootering Canyon pPiect
and their families, if'" ii"iti.s ot suppty and demand talto-r's related to those workers would

have a less central position in the analys'is'

Although it is true that visitations to Bullfrog Marina and surrounding recreation areas

are rising at un unnuil rate of 20% and that cuirently about-.l50,000 visitations are made to
ih. fuiiiity annualty, eutlfrog Marina appears to have-satisfied much of the demand for over-

nigf't uiritort and ii'expandind its recrbbtional vehicle sites to accommodate additional
uiiiiort. One park ofiiliif rlported that there would probably.be some demand.for motel

;;;;;t ii riliU'g" irom eutifrog'Marina visitors. However, he did not feel that Ticaboo

would develop withoui tne Strooiering Canyon facility. His julgment was based on.the seasonal

lriiitv of the rec.eitionat demand.- In iris opinion-there_would be virtually no demand for
accommodat.ions ourinl-tne winter months. The offic'ial believes that visitation at Bullfrog
Marina.is depenclent 6n external factors, particularl.Y tf"-economy and availability of fuel
ior automobjies. Secauie Bullfrog is 480 km (300 miles) from-its prirne market areas in Utah

ana cotoraoo, he feels it would be extremely risky for a development to plan on a primary

market from Bullfrog Marina visitors.

The available evidence does not deny the possibility of a recreational market for Ticaboo

t'orring;.ii only cf'aii"nger ifre via-Uility of the development without the mill. If there is
iucfr a-mar1et, it creaiei-in jaaitional problem: the need to safeguard suffic'ient housing

ior tne workeis and their famil.ies. The applicant indicated awareness of this potential area

oi competing demand for housing and is considering a way to mitigate.

Financial Feasibi Iity of Infrastructure Development

A broad range of urban-level services is proposed.for Ticaboo, including water, sanitary sewers'

"f".iri.itV, 
schoolsl and police and fire protection. The only hea'lth service to be provided

initially is emergency transportation'
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As described ear'lier in the report,-the applicant intends to extend primary responsibil.ity for
Ticaboo to a private_developer. This responsibility allots many of ttre initiat'capital coststo that deveioper. The developer has had the county form a spelial service distritt, so that
tax-exempt bonds may be issued to finance water and sewer sysiem development. fne developei
also hopes to transfer some costs, such as a garbage truck to the district.
A variety of financing plans have been considered, including county bonds, nonprofit
corporation-issued bonds, leases, and prepayment of sa]es and use laxes. As stated earlier,it is not possible to conduct a quantitative evaluation of the feasibifitV ot-ine-iinanc.ing'
methods being considered.. The proposals can be compared, however, with t'he procedures usedto finance other remote developments. The numerous casei of western mininq towns rev.iewedin Residential Aspects of CoaL Deuelopment by Dr. William C. Metz3 have a ionrmon-etement0r company lnvestment in the provision of services (as well as in housing). There are twomajor reasons for this investment. First, in smal1, remote developmentsl'it ls-figf'1y unlikelythat needed services could be paid for from current personal ano pi.opeiiv tixei reieiveo
from the residential development. Even in suburban developments, where lhe costs of providing
services are cheaper than in remote areas, res.idential devblopment typically cosis the loca'l
government more than it provides in revenues.* Second, although the-bventuil taxes from theindustrial development will provide a net gain to the area, thi payment of this 

"evenue 
occursafter the major capital investments have to be made. Therefore, the government and taxpayersare being asked to take the risks that are being incurred by th6 deveiopment.

The likelihood that Ticaboo would, for a short time, be an economic fiability, might causedifficulty in floating general bond issues or gaining support for revenue uoiros toi the neededservices. Although bond issues are certainly in acc6ptabie financing method, dependence on them
might-cause project delays that could jeopardize the success of TjcaSoo. Foi eximple, if
school construction cannot be financed in time_to provide schools for the children'of employees,
employees will not bring their families, or_a larger percentage of unmarried 

"orie"t may Decomeaffiliated with the facility. If the work.force -ompbsition is not as projected, it may be verydifficult for the development to sell the housing. io ensure project silcc6ii,-itre appticant
may decide to consider additional front-end investment in Ticaboo.

0veral1 Project Feasibi lity

Evidence from similar industry-related communities leads to the following conclusion: sucn
developments can be socially and financ'ial1y feasible. The element needed to make this trueis initial financial investment from the iniustry. The company is very likely io-re.orp

The conclusion relative to residential costs vs revenues is reached based upon historicalprecedent, as shown in the following three studies, rather than upon evaluation oi ttre specificsof Ticaboo.

l. A single family suburban development proposed in New Jersey would produce neither
a gain nor loss.!9 itg locai government; nearly all costs in the case were marginal
increases in utilization of existing capacity,-rather than new capitil ioits.
(George Sternlieb_et a1., Housing ppl2sTopnent-and. Ittunicipal Costi', Center-ior UrUanPolicy Research, Rutgers University, Nevr Brunsw.ick, N.J.', n.U., p. qg).

2. A major survey, rhe use of Iand, found that three recent cost-revenue studies showthat "more families wi.th school-age- children mean higher property taxes for everyone.',(William K. Reil1y, Ed., ?he IJse o1 ton4, A Citizens-policg'cuide ti i"t"" Gyottth,
Thomas Crowell, New York, 1973, p. ZZ7.)

3' A study on remote recreational deveiopments supports national findings that as these
areas become full-time residences and service users, they impose net costs on local'governments. (Judith Stoloff, critical EnoitorvnentiL A?bas in Tennessee us. Seeond.
Home Deuelopment, state Planning Office, Nashville, Tenn., 1979, pp. 26-a3.)

The indication from these sources is that from a locai government, cost-revenue viewpoint - basedon the residential development alone - Ticaboo would be-a costly development.



the bulk of this investment e.ither directly, through the sale of houses and conrmunity facilities'
or ind.irectly, through savings produced by-iower turnover and greater worker productivity'*

The company needs to make a substantial front-end investment. The local community may not want

to take the risks or inlu.ring larse bondei inJ.ot.an.ts when t1.-ly!rl:..g1,!l:_rli:l:m mine and

,iiri"i...lji;;-;;.;;.i;;J tt.6 seci. +.g). Althoush the size or this investment cannot be
-^-^.-^t:-- ^l--+- T6 ^h6 cIll lll LdlllluL ut Vuqr \Jvs Jlvv'

fp.ciiiea, ther6 it t.i.uuni .xperience itoT gggl l'9 l!91:ii.9:l'i1llls.!l:::*,.,1: :l:"::Yov'iHE",liiiiiiii=i.ri"itri.a'il.t"!!r o.oi-ano-r.la"I or total proj6ct costs-to communitv support
t^ l-+^ i- -^ CQn n

and development activiiies.I The only known investment by the applicant to date-is an $80'000

loan for planning to the-developer ofTicaboo. This loan-represents a very small - 0'0002% of
uii totut'capital and operating costs for the Shootering Canyon proiect.

The feasibility of Ticaboo is 1ike1y to be an issue which will be an investment decision for the

.ppfiiint, who"has af..uav recognized the.need to assist the residential development in addition
i5'uuiiJing the mine una-il'iti. "rnere is 1ike1y to be a need.for additional front-end investment

or guarantees. It is-not clear how much of thl investment will be regained directly from sale

;; i;;r; of housing.' ih. iorpuny will have to decide what value to place on the-potential for
iower turnover, hilher produciivity, and a superior quality of life for its workforce'

Bri ef
(W. C. Metz,
Conference,

descri pti ons
ResidentiaT

Kansas City,

of other western coal and uranium company towns support this view
Aspeets of CoaL Deuelopment, American Institute of Planners Annual

Mo-., Oct. l0-.l2, 1977, PP. B-.l7. )

l. A mobile home community owned and operated by Amax Coal has cost the company

$.l.2 milljon and more investment js anticipated. The company expects to recoup

this investment within 20 Years.

Z. A larger development is expected to cost ARC0 $.l0 million. The company expects to

"".or[ part of this investment and "meanwhi]e ARC0 will be known for hav'ing built
a first-class community because it cares about its workers."

3. Energy Development Corporation jnvested $t.S million in a small development jn Hanna'

llyomi-ng. llhiie the company'lost $0.5 million, the loss was acceptable ". . ._because
t-he atiraction of experienced workers was easier and work force turnover was less
than 2 percent."

4, A Un'ited States Fuel Company town ". js an annual financial burden to the coal
company, costing slightly over $50 thousand a year. The company considers the town
an asset well worth the cost."
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Appendix D

DETAILED RADIOLOGICAL ASSESSMENT

Supplemental information is provided below that descr.ibes the models, data, and assumptionsutilized by the staff in.performing its radiological impact assessment of the Shootering Canyon
Uranium Project. The primary calculational tool employed by the staff in performing this
assessment is an NRC-modified version of the UDAD (Uranium Dispersion and Dosimetry)
computer code, originated at Argonne National Laboratory.l

D.'I ANNUAL RADIOACTIVE MATERIAL RELEASES

Estimated annual activity releases for the Shootering Canyon site are provided in Tabte 3.5.
Except for the annual average dusting rate for exposed tailings, these releases are based onthe data_and assumptions given in Table 3.4 and described elsewhere in Sect. 3 and in Appendix
The dusting rate is calculated in accordance with the fo'llowing equation:

,,-3.'l56xl07S-M=- LRsFs, ln l'l

where

r" is the annual average frequency of occurrence of wind speed group s, d'imensionless;

a" is the dusting rate for tailings sands at the average wind speed for wind speed group
s, for particles 120 ym in diameter, g/m2.sec;

itz is the annual dust loss per unit area, g/m2.year;

3.156 x 107 is the number of seconds per year;

0.5 is the fraction of the total dust loss constituted by particles <20 um in diameter,
dimensionless. l

The values of R" and Fs utilized by the staff are as given in Table D.l. The calculated
value of the annual dusting rate, M, is 192 g/n2.year. Annual curie releases from tnetailings piles are then given by the following relationship:

s = MA(1 - f)fi283)(2.5)(l x lo-I2) , \u.. )

where

A

f

f.

,q

283

2.5 is the dust-to-tails activity ratio;

I x l0-12 is CilpCi.

is the assumed beach area of the pile, m2;

is the fraction of the dusting rate controlled by mitigating actions, dimensionless;

is the fraction of the ore content of the particular nuclide present in the tails;
is the annual release for the particular beach area, Cilyear;

is the assumed raw ore activity, pCi/S;
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Table D.l. Parameter values for calculation of annual dusting

rate for exPosed tailinP sands

Wind speed

group (knotsl
Average wind
speed (mph)

Dusting rate, r9" Frequency of.
(g/m2.secla occurrence, FrD

0-3
4-6
7 -10

11-16
17-21

>21

1.5

5.5

10.0

15.5

21.5

28.O

0

0r
3.52E-7

9.68E-6

5.71 E-5

2.O8E-4

0.1 832

0.0906

0.0161

0.0057

aDusting rate as a function of wind speed i, 
"ornpr,.d 

by the UDAD

Code. See M. Momeni et al., Ltranium Dispersion aN Dosimetry (UDAD)

Code, Argonne National Laboratory, in preparation.
bwind speed frequencies obtained from annu'al loint frequency presentd

in Table D.2. I

I
I

Tailings emission ca]culations are based on_the_last Ygar-of.operation. At that tjme the

iliii;6; i;p;;;A;.;i wiii-iou""-approx'imately..?t.l \l-.i It.is'assumed that '100% of this area

"ijf Ue beath and subject to dust'bmission. 
-Mitigatini action to reduce dusting is assumed

io reduce dust losses bY 80%. t

I

D,2 ATMOSPHERIC TRANSPORT

The staff analysis of offsite air concentrations of radioactive materia'ls re1eased at the
if,|oiiring-Cinvon-mitl sjte has been based on a full year_of meteorologjcal -data.collected
il;iia auiing ihe period 8/1/77 through 7/31/78.2_ The collected meteorological data are
enterea ihto-the UbAD code'as input, ifter assemblage and reduction, jn the form of a ioint
ii"qr.n.V djstribution by stability class, wind spead group' and direction. The ioint frequency
Oaid empioyed by the staif for thi! analysis are presented in Table D.2.

The dispersion model emp'loyed by the UDAD code js the bas'ic straight-line-Gaussian plume model.l
Giound ievel, sector-averaged concentratjons are computed using this mode'l and are.corrected
for decay and ingrowth in iransit (for radon-222 and daughters) and for depletion-due to
depos'iti6n lossei (for particulate material). Area sources are treated using a.virtual
poini-ioui.. iictrnique.' Resuspension into the air of particulate material init'ia11y deposited
6n grouna surfaces is treated irsing a resuspens'ion factor that-depends on the age of the
aep6siieO material and its part'ic16 size.r'For the isotopes of concern here, the total air
concentration including resuspension is about 

.l.6 tines the ord'inary air concentration.

The assumed particle size distribut'ion, particle density, and depos'it'ion ve1ocities for each

source are presented in Tab'le D.3.

0.3 CONCENTRATIONS IN ENVIRONMENTAL MEDIA

Information provided below describes the methods and data used by the staff to.determine the
concentratiohs of radioactive materials in the environmental media of concern in the
viiinity of the Shootering Canyon site.. These include concentrations in the air (for
inhalation and direct extErnal-exposure), on the ground (for djrect externa'l exposure)' and

in meat and vegetables (for ingestion exposure). Concentration values are computed explic!!lV
by the UDAD code for urinjum-238, thoriuin-230, radium-226, radon-222 (air only),.and lead-2'10.
C6ncentrations of thoriun-234, protactinium-234, and uranium-234 are assumed to be equal to_
that of uranium-238. Concentrations of bismuth-2l0 and po]onium-210 are assumed to be equal
to that of lead-210.



TableD.2. Jolnt frequency meteorological data in percent for the Shootering Canyon Uranium Project
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Table D.3. Physical characteristics assumed foi particulate material releases

Activity source
Diameter

(sm)

I

Density

tsrcmit

DePosi.tion 
AMAD'

;H:f, (r'm)

Crusher dusts 1.0

Yellow cake dusts 1.0

Tailings, ore pile dusts 5.0 (30%l

3s.0 (70%l

Ingrown Rn daughters

2.4

8.9

2.4

2.4

1.0

I

I
I

I

1.0

1.0

1.0

8.8

0.3

1.55

2.98

7.75

54.2

0.3

aAerodynamic equivalent diameter, used in calculiting inhalation doses. See M,
Momeni et al., Uranium Dispersion and Dosimetry'.()DAD) Code, Argonne National
Laboratory, in preparation.

D.3..l Air concentration

where

Ordinary, direct air concentratjons are computed by thel UDAD code for each receptor locati
from each activity source, by particie size (for partiiulates). Direct air concentrations
computed by UDAD include depletion by deposition (parti,culates) or the effects of ingrowth
and decay in transit (radon'and daughter!). To computel inhalaiion doses, the total iir
concentration of each isotope at each location, as a fu,nction of particle size, is computed
as the sum of the direct air concentration and the resu'spended air concentration:

caip(t) = caipd.* coipo(t) ,

caipd.is the direct air concentration of isotope i,, particle size p (constant), pCi/m3;

Co1po(t) js the resuspended air concentration of isotope i, particle size p, at time f,,*-'Pci 
/'n' ' 

I

The.resuspended air concentration is computed using a time-dependent resuspension factor,n(t), defined by 
I

Rp(t) = (1/vp)10-5 exp(-r'r) (for r < t.Bz years) | (o.aa)

I

ar?) = 0/vp)10-s ' (f or t > 1.82 years) i (D.4b)

Iwhere 
I

no(t) is the ratio of the resuspended air concentrhtion to the ground concentration,
for a ground concentration of age t years, of farticle size p, m-r;

rO 'is the deposition velocity of particle size p, 
im/sec;

l" is the assumed decay constant of the resuspensi6n factor (equivalent to a 50-day
half-life),5.06yr-r; 

t
l0-s is the initjal value of the resuspension fact6r (for particles with a deposition

(0.3)

caip(t) is the total air concentration of isotope 1, Rarticle size p, at time t, pCi/m3;

veiocity of I cm/sec), m-];
'10-e is the terminal value of the resuspension facior (for particles with a deposition

velocity of I cm/sec), m-I;
.|.82 is the time required to reach the terminal

i

I

resuspension factor, years.



D-7

The basic formulation of the above expression for the resuspension factor, the initial and

final values, and the assigned decay constant derive from experimental observatjons'3 The

inverse relationship to-Oepoiition 'velocity el iminates mass balance problems involving
resusoens.ion of more ir'un iooz of the initial ground deposition for the 35-um particle size

t;;;"i;;i;-il.si. 
-eit"J 

on th.is formutation, the resuspended air concentration is given bv

i ( I - exP[-(r-.* + r")1.82]l
c. (t)=o.o1c^-.^,llo-s{ r;i*;i I-a1,pr' aLpal I ,ni - nR) )

- 
'o-'{

where l;* .is the effective decay constant for isotope.i.on soi.'l (see Eq. o.z)-p9l year; 0'01 is
ii]!'i.iiSriiion"u.io.iiv oi pirticles for which the initial and final values of the resuspension

factor'are defined in -mlsec; 
and 3..l56 x |07 is sec/year'

exp(-l .82^i*) - exp(-ro xt
xl07) , (D.5)

Total air concentrations are computed using Eqs.
Radon daughters that grow in from released radon
and are therefore not assumed to resuspend'

0.3.2 Ground concentrations

Concentrations of particulate materjals in and on soil are computed from direct air
concentrat.ions. Resuspension of deposited activity is not.treated as a loss mechanism and

redeposition is ignored. Ground concentrations are given by

(D.6)

c . (t) is the qround concentration of isotope i, particle s'ize p, at time t, pCl/nzi
- ALD'

)J
-)l.

1, l,,.,uu

D.5 and 0.3 for all particulate effluents.
are not depleted due to deposition losses

It - exp(-r,.*t)l
c sip(t) = o.o1 c oooo, ol---;7- 1,

wnere

tr.* is the effective decaY

\i* = \i + tr* ;

where ).". is the radiological decay constant'
constani for activity in sojl (equivalent to
0.0.l is m/cm.

constant for isotope / on orin soil ' per year;

(D.7)

per year; I* is the assumed environmental loss
u 5g-year ha'lf-life), .|.39 x l0-2 per year; and

In general, the half-lives of the pertinent isotopes are such_that jt is appropriate to assume

eitfie. .ornpl"te ingrowth or no ingrowth. However, ingrowth of lead-2.l0 from radjum-226 is
treated exp'licitly using the standard Bateman formulation.

D.3.3 Vegetation concentrations

Concentratjons of released partjculate materials can be environmentally transferred to the
edible portions of vegetables, or to hay or pasture grass consumed by animals, by two
mechanisms - direct foliar retention and root intake. Five categories of vegetat'ion are
treated by the staff-modjfied version of the UDAD code. They are edible above-ground
vegetables, potatoes, other edib'le below-ground vegetables, pasture grass, and hay.
Vegetation concentrations are computed using the following equation

cuip = o.olvpcoiploluft+#f/f * ,noou"ole) , (0.8)
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where

Bri is the soil-to-p1ant transfer factor for isotope i, vegetation type u, dimensionless;

crip it the resulting concentration of isotope i, particie size p, in vegetation u,
pCi/kg; 

I

8, is the fraction of the foliar deposition reach'in{ edible portions of vegetation u,
dimensionl ess; 

I

f'o is the fraction of the total deposition retainedlon nlant surfaces, 0.2, dimensionless;

P is the assumed area1 soil dens.ity for surface mix.lng, Z4e kg/nz;

t, is the assumed duration of exposure while growinj for vegetation u, sec;

yu is the assumed yield density of vegetation u, kg/n23

l, is the decay constant accounting for weathering iosses (equivalent to a 14-day
half-life), 6.73 x l0-7 per sec; 

I

0.01 is m/cm. 
I

The value of E, is,assumed to be .|.0 for al1 above-ground vegetation, and 0..; for all below-grouncl vegetables.+ The value_of t, is taken to be-60 days,-except ior pasture qriss where avalue of.30 davs is assumed. The^yie1d d91sjtv,..r* is ii[6n-tJ-5i zlb igirt'.-iiit for pasturegrass' where a value 0f,0,75 kg/n2 is applied.- vaTues of the solj-to priii triniiEr coefficients,Brlt d?e, provided in Table D.4. 
,

Table D.4. Enyironmental transfer coefficien8

Ra

2.OE-2 4.2E-3
3.2E-3 4.2E-3
2.0E-2 4.2E-3
6.6E-2 7.8E-2
6.6E-2 7.8E-2

3.0E-3 2.9E4

l!:: T:.:.?llTll'-:!l.i:-ll:I^:!ijte-reed "equiremJni-by il.;ili-tER;;: i+i." ii! eq,ationused to estimate meat concentrations is

c*i = @bicpgi , (D. e)

Plant/soil (Bry'

Edible above ground
Potatoes
Other below ground
Pasture grass

Stored feed (hay)

Beef/feed (F6;), pCi/kg per pCi/day

2.5E-3
2.5E-3
2.5E-3
2.5E-3
2.5E-3

3.4E-4

4.2E-3
4.2E-3
4.2E-3
4.2E-3
4.2E-3

2.OE4

I

D.3.4 Meat concentrations 
I-l

Radioactive materials can be deposited on grasses,^l,uy, oi silage that are eaten by meatanima'ls, which are in turn.eateir by man. For tni'stro;ie"ih;'iunyon site, it has bLen assumedthat meat animals obtain their entlre feed reouirement bv biazini, (rn .' r-q\-- iIo o^,,"+;^.

where

cpsi it the concentration of isotope i in pasture grass, pCi/kg;

cnri is the resulting concentration of .isotope i in melt, pCi/kg;

truis the feed-to-meat transfer factor for isotope nl, pCi/kg per pci/day (see Table D.4);
4 is the assumed'feed ingesilon rate, 50 kg/day. ,
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D.4 DOSES TO INDIVIDUALS

Doses to individuals have been calculated for inhalation, external exposure !o lil and grou

^---r -arr Tnrannel dnscc are calculated bV the
ground

::;::ri;.iH^ll"lfio"ilii.iti..' .i-,.geiiurei-ana 'n"u!, 
Internar 9?:::.11:..u1::1.''d ?{:ll;;';i;;;";;;"":;";;;i;;";.;io;;'ir'ii vi'to tE :9-{:?i^.19:: :?TIi:'::l:,:l?:"i:; ll::;?l;"';;i: Tlliri"lllEli';; ;;;;;"p;;;;d';i so-v.ui' iollowing either inharation or insestion'

,-^ ^ari nrl

il;J:i ::::, l;i;$ ;;:=#E"u6lrl.' fi'.".'iln'iii.iii '.'rjtins^i.o'n 
a one-vear exposure period'

.r.^-i .,^^.- ^c -i11 ^^on:finn "rhan onvirnnmcnt?l:':;.:;::; :ifi!';:"dH.;";;;'l.k;'"t."u. ii" iinui-v"l 9l Ilrl.'ni?:i:l^lfl ?:::i"mentar:ii.#;:;i;','!"ililiiii!'i;;.";i.il"opu.itioni i'. .ipeit.o to be at their hishest rever.

D.4..l Inhalation doses

Inhalat.ion doses have been computed us'ing air concentrations obtained by Eq' D'3.(resuspended

air concentrations are included) for particulate materials, and the dose conversion factors

presented in Table D.5. These dose conversion factors have been computedl-in accordance with

the Task Group Lung Model of the Internationii Commission on Radiologicai Protection's Doses to

ii;;;;;;.hi;i'"pii6erium from iadon-2?? anA inort-tived daughters were computed based on the

assumption of.indoor "rp.irr. 
ui-tOOZ o..upun.y. -The 

dose ionversion factor for bronchial

"piinbtium 
exposure from radon-222 is derived as follows:

1 pCi/m3 of radon-222 = 5 x 10-6 working level (l^lL);-

continuous exposure to I l^lL = 25 cumulative working level months (WLM) per year;

I t^lLM = 5000 millirems .7

Therefore,

(r pci/m3 or radon-Zll,(u - r0-'#h;) (tt!hf)(t000lr#ffle) = t 625 mirrirem;

thus the radon-222 bronchial epithelium dose conversion factor is taken to be 0'625 millirem
year-1 PCi-1 6-3.

D.4.2 External doses

External doses from air and ground concentrations are computed-using the dose conversion

;;;t";; prouiO"a in Table D.6.] Doses were computed based on 100% occupancy at the particular
location. Indoor exposure was assumed to occur'14 hr/day at a dose rate of 70% of the

outdoor dose rate.

0.4.3 Ingestion doses

Inqestion doses have been computed for fresh vegetables and meat (beef, processed-pork' and

iffii:'"i.;;;;;.;-aot.r-."poited are based on c6ncentrations obtained using Eqs. D.8 and D.9'
.ingestion rates given in iiute D.7, and dose conversion factors given in Tible D.8.1'8 Vege-

table ingest.ion doses were computed assuming an.average 50% activity reduction due to food
pr.piruiion-u tng"siion aoi.t'io children ind teenagers were computed and found to be less

than adult doses.

'0ne WL concentration is defined as any
oroducts of radon-222 in I liter of air that
during their radioactive decay of lead-210.

combination of short-lived radioactive decay
will release 1.3 x |0s MeV of alpha-particle energy
The conversion factor given is from ref. 6.
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Table D.5. Inhalation dose conversion factors. millirems year-l pCi-l m-3

Whole body
Bone

Kidney
Liver
Mass average lung

Whole body
Eone

Kidney
Liver
Mass average lung

Whole body
Bone
Kidney
Liver
Mass average lung

Whole body
Bone

Kidney
Liver
Mass average lung

Whole body
Bone
Kidney
Liver
Mass average lung

u-234 Th-230

1.64 1.37E2
2.64E1 4.90E3
6.30 1.37E3
o 2.82E2
2.42E3 2.37E3

Pb-21 0

7.46
2.32E2
1.93E2
5.91E1
6.27E1

u-238

1.44
2.42E1
5.53
0
2.1 3E3

Ra-226

3.97E 1

3.97E2
1.40
4.94E-2
3.04E2

Ra-226

3.40E 1

3.40E2
1.20
4.22E-2
4.O4E2

Ra-226

4.47E1
4.47E2
1.57
5.55E-2
1.87E2

9.42
2.87E2
2.39E2
7.32E1
2.49E1

Particle size = 0.3 lrm

Po-2 1 0

1.29
5.24
3.87E 1

1.15E1
2.66E2

Particle size = 1.0 pm; den3ity = 8.9 g/cm3

Pb-210 Po-21O

u-238

1.65
2.7AE1
6.33
0
2.88E3

u-238

1.16
1.9681
4.47
0
1.24E3

u-238

7.92E-1
1.34E1
3.05
0
3.33E2

u-234

1.87
3.03E 1

7.22
0
3.2883

u-234

1.32
2.14E1
5.10
0
1.42E3

u-234

9.02E.1
1.46E 1

3.47
0
3.80E2

Th-230

1.01E2
3.60E3
1.00E3
2.O7E2

1.38E3

5.77E1
2.O7E3
5.73E2
1.1 9E2
3.71E2

r.96E
7.99
5.89E 1

1.76E1

7.01E1

Particf e size = 1,0 pm; density = 2.4 glcm3

1.77
7.22
5.33E 1

1.59E 1

1,12E2

Pb-21O Po-21O

8.24 1.54
2.56E2 6.29
2.13E2 4.64E1
6.53E1 1.38E1
3.38E 1 1.48E2

Pb-210 Po-21O

1.00E1

3.11E2
2.59E2
7.93E 1

1.45E 1

Th-230

1.66E2
5.95E3
1.67E3
3.43E2
3.22E3

Particle size = 5.0 lrm

Particle iize = 35.0 pm

Th-230 Ra-226 Pb-210 Po.21O

9.66 1.93
3.00E2 7.U
2.50E2 5.79E1
7.65E-1 1.73E1
3.91 2.58E1

4.40E1
4.40E2
1.55
5.47E.2
6.38E1
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Table D.6. Dose conversion facto?s for cxternal exposute

lsotope Whole body

Dose factors for doses from air concentrations,
' milliremsy""t-l PCi-l m-3

Skin

u-238

Th-234

Pa-234

u-234
Th-230

Ra-226

Rn-222

Po-218

Pb-214

Bi-214

Po-214

Pb-210

u-238

Th-234

Pa-234

u-234

Th-230

Ra-226

Rn-222

Po-218

Pb-214

Bi-214

Po-214

Pb-21 0

1.05E-5

6.63E-5

8.57E-5

1.36E-5

1.29E-9

6.00E-5

3.46E-10

8.1 8E-7

2.06E-3

1.36E-2

9.89E-7

4.17E-5

2. 13E-6

2.10E-6

1.60E-6

2.60E-6

2.20E-6

1.16E-6

6.1 5E-8

1.42E-8

3.89E-5

2.18E-4

1.72E-8

6.65E-6

1.57E-6

5.24E-5

6.AlE-5

2.49E-6

3.59E-6

4.90E-5

2.83E-6

6.34E-7

1 .67 E-3

1.16E-2

7.66E-7

1.43E-5

3.17E-7

1.66E-6

1.24E-6

4.7AE-7

6.12E-7

9.47E-7

5.03E^8

1.10E-8

3. r 6E-5

1.85E-4

1.33E-8

2.27E-6

Dose factors for doses from gound concenttations'
millirems Year-l PCi-r m-2

Tabte D,7. Assumed food ingestion rates,a kg/year

Child Teen

Fresh vegetables (total) 48 76 105

Edible above ground 17 29 40

Potatoes 27 42 60

Other below ground 3.4 5 5

Meat (beef, processed Pork, 28 45 78
and lamb)

alngestion rates are averages for typical rural farm

households. No allowance is credited for portions of year

when locally grown food may not be available.

Source: J. F. Fletcher and W. L. Dotson, compilers,

HERMES - A Digital Computer Code for Estimating Begional

Radiological Effects from the Nuclear Power lndustry,

Hanford Engineering Development Laboratory, Report

HEDL-TME-71-168. December 1971.

Adult
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Table D.8. Ingestion dose conversion factors, millirems/pCi

Age group Organ U-238 U-234 fh-234 Th-230 Ra-226 Pb-210 Bi-210 Po-21O

Infant Whole body 3.33E-4
Bone 4.47E-3
Liver 0
Kidney 9.28E-4

Whole body 1.94E-4
Bone 3.27E-3
Liver 0
Kidney 5.24E-4

Whole body 6.49E-5
Bone 1.09E.3
Liver 0
Kidney 2.5OE-4

Whole body 4.54E-5
Bone 7.67E-4
Liver 0
Kidney 1.75E-4

chitd

3.80E.4 2.00E-8
4.88E.3 6.92E-7
0 3.77E-8
1 .06E-3 1.39E.7

2.21E-4 9.88E-9
3.57E-3 3.42E-7
0 1.51 E-8

5.98E-4 8.01E-8

7.39E-5 3.31 E.9
1.198.3 1.14E-7
0 6.68E-9
2.85E-4 3.81E-8

5.17 E-5 2.13E-9
8.36E.4 8.01E-8
0 4.71E-9
1.99E-4 2.67E-8

1.06E-4 1.07E-2 2.38E.3
3.80E-3 9.44E-2 5.28E.2
1.90E4 4.76E-5 1.42E-2
9.12E-4 8.71E.4 4.33E.2

9.91 E-5 9.87E-3 2.09E-3
3.55E-3 8.76E-2 4.758-2
1.78E4 1.84E-5 1.22E-2
8.67E4 4.88E-4 3.67E-2

6.00E-5 5.00E.3 7.01 E4
2.16E.3 4.90E-2 1.81E-2
1.23E4 8.13E-6 5.44E-3
5.99E-4 2.32E-4 1.72E-2

5.70E.5 4.60E-3 5.44E4
2.06E.3 4.60E-2 1.53E.2
1.17E-4 5.74E-6 4.37E.3
5.65E4 1.63E.4 1.23E-2

3.58E-7 7.41E4
4.16E-6 3.10E-3
2.68E-5 5.93E-3
2.O8E-4 1.26E.2

r.69E.7 3.67E4
1 .97E-6 1.52E.3
1.02E-5 2.43E-3
1.15E-4 7.56E-3

5.66E.8 1.23E4
6.59E-7 5.09E4
4.51E-6 1.07E-3
5.48E-5 3.60E.3

3.96E-8 8.59E-5
4.618-7 3.56E4
3.18E-6 7.56E4
3.88E-5 2.52E-3

Teenager

Adult
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Appendix E

ATMOSPHERIC DISPERSION COEFFICIENTS

Tables E.1 through E.3 list x/Q (sec/m3) values calculated by the staff using AIRD0S-II, a

FSRTRAN computer-code,1 and onsite meteorological data supplied by the applicant (ER' Supplement
52, Sect. 2.7). Joint frequency distributions of wind velocities and directions summarized
by stability class are given in Table D.2 of Appendix D.

Table E.1, Annual average x/Q (sec/m3) at various distances frofl the facility site for the16
compass directions, release height I m'

Distance from center of facility (m)
l.li nd

Toward

N

NNl.l

Nl,l

|4Nl,li

t.l

t{st,l

5H

sst,l

s

SSE

SE

ESE

E

ENE

NE

NNE

8.84E-5

4.23E-5

2.46E-5

't .99E-5

3.75E-5

3.45E-5

4. 43E-5

I .05E-4

1.04E-4

3.21 E-5

6.52E-6

2.1 4E-5

4.90E-5

4.01 E-5

3.20E-5

6. 29E-5

2.16E-5 5. I 7E-6

r .0 1 E-5 2 .37E-6

5.48E-6 l l8E-6

4.42E-6 9.60E-7

7.89E-6 'l.59E-6

7.44E-6 L55E-6

1.05E-5 2.40E-6

2.27E-5 4.64E-6

?.27E-5 4.64E-6

7.09E-6 1.55E-6

'I .5lE-6 3.42E-7

4.48E-6 9.08E-7

1 .',l1E-5 2.48E-6

9.06E-6 2.03E-6

7.90E-6 1.94E-6

'l.52E-5 3.66E-6

6.25E-7 2.25E-7 4.79E-8

2.74E-7 9.58E-8 'l.89E-8

1.22E-7 4.09E-8 7 .34E-9

9.87E-8 3.20E-8 5.30E-9

1.53E-7 4.90E-8 8.26E-9

1 .57E-7 5.2t E-8 9 .42E-9

2.78E-7 9.96E-8 2.10E-8

4.548-7 ',l .48E-7 2.62E-8

4.55E-7 L5lE-7 2.838-8

1.71E-7 5.97E-8 r.21E-8

3.90E-8 r.37E-8 2.92E-9

9.25E-8 3. I3E-8 6.09E-9

?.75E-7 9.52E-8 1 .90E-8

2.32E-7 8.23E-8 1.74E-8

2.43E-7 8.91E-8 2.00E-8

4.47E-7 1.62E-7 3.55E-8

2.32E-6

I .05E-6

4 .98E-7

4.08E-7

6.54E-7

6 .48E-7

'I .06E-6

'I .92E-6

'| .9tE-6

6 .68E -7

't .588-7

3.79E-7

'1 .08E-6

8.88E-7

8.82E-7

'l .65E-6
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Table E.2. Annua'l average x/Q (sec/m3) at various distances from the facility site for the 16
compass directions, release height ll m.

l,li nd

Toward

Distance from center of facility (m)

9700200 400 800 '1200 2400 4200

N

NNl,l

Nl,l

t,1|Nl,l

H5H

Sl,l

ssw

s

ssE

SE

ESE

E

ENE

NE

NNE

3. 36E-5

t.3zL-5

c. v6E-o

7.03E-6

t. tJt-J

9.858-6

l.t9E-5

z. Jc!-5

z . qu!-c

I .038-5

2.83E-6

o. cuE-o

'I .88E-5

i .52E-5

| . bzL-5

.. I JL-J

I .69E-5

/.olE-o

3.818-6

4.12E-6

b. JbL-b

5.76E-6

7.36E-6

t.5tL-5

I . JUts-5

5.23E-6

t. l6E-b

3.08E-6

8.90E-5

o, 6qE-o

o. ozE-o

I . ZJE-J

5.88E-6

2. 88E-6

'L 48E-6

'| .40E-6

2.20E-6'

Z, UJL-O

1. I sL-O

5. 79E-6

3.ZtE-O

I .84E-6

'I .048-6

z.ttL-o

2..08E-6

c. | 3u-o

3.00E-6

1.47E-6:

7.84E-7

o. vf,!-/

t.toe-o
'l .08E-6

I .44E-6

3.168-6

2.92E-6

9.90E-7

2.04E-7

5. 90E-7

I . J!t-O

1.22E-6

'L058-6.

2.IrE-6

9.21E-7

4.39E-7

Z.COE-I

'| .98E-7

J.OOE-/

3.43E-7

4.61E-7

| . UJE-O

'l 02E-6

5. Z!E- I

6.45E-8

2.07E-7

4.88E-7

3.98E-7

5. ZOL- I

D.qcE-/

3.3?E-7 6.618-8

L 55E-7 2.91 E-8

8.23E-8 I .29E-8

o.JoE-o v.oqE-v

1.14E-7 1.528-8

'l. l0E-7 L 6lE-8

1.64E-7 3.068-8

3.37E-7 4.798-8

3.39E-7 4.92E-8

1 .07E-7 ',l .78E-8

2.20E-8 3.92E-9

6.60E-8 9.49E-9

'1.64E-7 2.80E-8

'I .348-7 2.39E-8

f.i8E-7 2.49E-8

2.29E-7 4.61E-8

Table 8.3. Annual average x7q (sec/m3) at various distances from the facility site for the]6
compass d'irections, release height 24 m.

l,li nd

Toward

Distance fron center of facility (m)

9700400200 800 t200 2400 4200

N

NNl,l

Nl,l

l,lNl,l

l,l

t.lNt.l

St,l

ssl,l

)

))E

SE

t)t

ENE

NE

NNE

3. t0E-6

4.89E-7

6.91E-8

t.zJL-t

| .ozt- t

t.5dE-/

5.azL-I

4.60E-7

9.08E-7

I .06E-6

4.87E-7

8.72E-7

2.41E-6

i. saE-o

3.01 E-6

c.9cE-o

4.40E-6

t.ztE-o

3.6?E-7

3.63E-7

5.88E-7

o, JoE-/

'I .34E-6

'I .80E-6

2.24E-6

4.66E-7

8.37E-7

1.318-O

2.41E-6

Z. OUE-O

q.J/E-O

'I .32E-6

5.86E-7

5.36E-7

9. 1 9E-7

9.80E-7

| . JvE-O

2.32E-6

Z . JCE-O

1.02E-6

a.JcL-t

a.6Ia-I

1 .77E-6

'l .448-6

| , qvE-o

Z. OUE-D

2. I 4E-6

9.28E-7

4.43E-7

4.ZaL- I

6,85E-7 .

6.808-7

9.44E-7

t. /Jt-o

t.ocE-o

b.5uE-/

'l .45E-7

J. IJL- I

I. l0E-6

6.O I t-l

8.538-7

| .JOE-O

8.04E-7

3.838-7

I .91 E-7

'l .8l E-7

z. IoE- I

3.t5L-I

t.saE-t

6.63E-7

2.42E-7

5.00E-8

'I .35E-7

3.94E-7

3.04E-7

2.87E-7

5.6 I E-7

3.32E-7 8.038-8

1 .6?E-7 3. i9E-8

8.078-8 1.87E-8

7.31E-8 l 48E-8

'l .12E-7 2.488-8

'l .06E-7 2.41E-8

1.57E-'t 3.90E-8

3.10E-7 7.34E-8

2.82E-7 7.27E-8

9.838-8 2.33E-8

2.03E-8 5.02E-9

s.34E-8 l 3lE-8

1 .578-7 3. 678-8

1 .22E-7 2. 968-8

l . l 4E-7 2.81 8-8

2.28E-7 5.48E-8
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Appendi x F

RADON RELEASES FROM AREA SOURCES

This appendix describes the assumptions, data, and equations used to estimate annual radon-222
releases from the ore storage facility and the tailings impoundment system. For the tailings
area, radcn-222 releases are estimated for both prereclamation and postreclamation conditions.

F.I AVERAGE SPECIFIC FLUX

Radon release rates from area sources are based on an assumed average specific flux of
I pCi/m2.sec of radon-222 per picocurie per gram of the parent radium-226. This value has been
used to obtain radon-222 releases from the ore storage pile and the unreclaimed tailings area.
Radon releases from the reclaimed tailings impoundment have been estimated by using this
specific flux to estimate the upward f'lux at the surface of the tailings, which is then
attenuated by the specified cover materials and depths.

Actual radon fluxes are dependent on a wide range of highly variable site- and time-specific
conditions. These include, for example, topography, wind conditjons, humidity, temperatures,
and rainfall as well as characteristics of the host ore or tailings materials such as particle
sizes and djstribution, porosity, and most importantly, moisture content. At present there is
no generalized calculational model by which all of these parameters can be accounted for in the
estimation of radon-222 releases. Thus, the staff has elected to use the average specific
flux identified above. The particular numerical value chosen is based on estimates presented
in refs. I and 2 for radon releases from uranium mill tailings. Haywood et al. have calculated
the average specific flux from tailings materials, based on diffusion coefficients from ref. 3,
to be 0.35, 0.65, and 

.l.2 pCi/n2.sec per picocurie per gram of radium-226 for wet, moist, and
dry tailings respectively.l Also, Schiager has estimated a specific flux for dry, packed
tailings oi t.O bCi/m2.s-ec per picocurie per gram of radium-226,2

In view of the above, the staff consjders the assumed average specific flux to be a reasonable
estimate for tailings materials, which are subject to large spatial and temporal variations in
moisture content. In light of the proposed plan to maintain moist tailings surfaces, it is
1ikely to be somewhat conservative. The assumed average specific flux is also appiied to obtain
radon-222 releases from the ore storage pi1e. Although the raw ore is generally composed of
rock-like fragments, as opposed to sand grains, and may thus have a reduced fraction of
escaped radon, the ore pile is also subject to continuing physical disturbance as raw ore is
added or removed. In any event, the estimated ore pile radon release is only a small fraction
of that calculated for the tailings area, and offsite exposures are re'latively unaffected by
radon from the ore oile.

F.2 RADON FROM ORE STORAGE

For the Shootering Canyon Uranium Project, the average raw ore concentration of radium-226 is
estimated to be 283 pCi/S" The ore storage facility area is 0.25 ha (0.63 acres), and the
estimated annual radon-222 release is given by the product

1.l.0 p9j1m2'sec)(283 pci/g)(2500 m2)(3.156 x 107 sec/year)(10-12 CilpCi)' pci/g t

The estimated radon-222 release is 22.3 Cilyear.
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F.3 RADON FROM UNRECLAIMED TAILINGS

The radon release from the taiiings area is estimated based on the ultimate tailings p.ile area,27-7 ha (68.5 acres), u19 the^aveiage radium-226 concentration in the taiting;, zai.q' pci/s.- '
The average tailings radium-226 concentration is the average raw ore concentration times thefraction passing through the mill and remaining in the taiTs, 0.998. fne estimaied radon-Zl-zrelease rate from the fully developed tailings area is calcuiated to be 2470 C.i/year.

F.4 RADON FROM RECLAIMED TAILINGS

The radon-222 flux at the surface of the tailings material is estimated to be 282.4 pCi/m2.sec.This is also the rate of radon re'lease for the Incovered tailings material. After milt'operi-tion ceases, the tailings area will be recla'imed by the application of cover material. Theproposed-tailings.pile cover consists of a 6-ft (lbg-cm) iiyer of compacted.jiv"v materialand a 2-ft (61-cm) layer of sandy-soi1 material.

A l-ft (30.5-cm) cover of coarse gravei and rock is also proposed for purposes of erosion con-trol- .The proposed cover materials will attenuate the radon'flux at the surface of the ta.ilingsso that the total radon flux released to the atmosphere is less than twice the-esiimated back-ground flux. The attenuated radon flux'is estimatbd by the following i.iitiontr,ip,L

wnere

(0n/u)i is the effective diffusion coefficient for cover layer i, cm2lsec;
J is the attenuated radon-Zl? release flux, pCi/m2.sec;

"rs is the radon-222 flux at the surface of the tail.ings material, pci/m2.secl
n is the number of cover iayers, dimension.less;

c. is the thickness of cover layer i, cm;

r is the radon-222 radioloqical decay constant, Z.'l x l0-6 sec-1.

Because.the clayey cover will actually be a mixture of clay and so.il, the effective diffusioncoefficient for that layer is assumed to be equal to that ior Mancos Shaie, t.Z x iO:j.*tii".(ref. 5). Thg effective diffusion coefficieni ior ite sinUylsolt material is assumed to be3.6 x l0-2 cq2lsec (ref. 6). Using these effective ditfuii6n coeff.icients and the cover thick-nesses specified above,_the value of ./, the attenuated flux of radon_Z2? released to the
atmosphere from the reclaimed tailings area, is calculated to ue o.oaa pcilrl.iei, above background.

Because,the.background concentration of radiun-226 in soil in the area is about 0.9 pCi/o(ret' /)' the background radon-222 flux from natural soil is estirnated to Ue o-s pi:|#'.iec.
Thus the estimated flux of radon-222 from tailings materials, after reclamation, ii estimatedto be less than l0% of.the natural^background ftix. eased on the 27-t-h; i6e:5:u;;"i-i.;ii;;,pile area, postreclamation radon-222 reieases from tailints-materials are estimated to amountto only about 0.73 Ci/year.

r = ro""{-; rntx/(on/u)oro.u} ,
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Appendix G

CALCULATiONS OF TAILINGS PILE GAMMA RADIATION ATTENUATION

Assum'ing soil to be composed mainly of Si02, the mass attenuation coefficient for a l- to 2-MeV

qanrna riy is 0.0518 cm2lg (ref. l). (Most of the dose rate from a typical natural emitter is
in ifis iange.2) Based'5n'the radium concentration of 283 pCi/g and-the conversion factor3 of
2.5(uR/hr)/(pgi/g), the gamma radiation from the uncovered tailings pile is approximately
6.2 R/year. Assuming that the gamma radiation level is 6.2 R/year and that the bulk density
of the-soil is 1.6 gfcm3, the eifect of the 2,45 n (8 ft) of soil materials proposed (excluding
the cobble layer) would reduce the gamma radiation to approximalely 9.424 x l0-s R/year.

rlIO = exp[-(uen/p)pr] = exp[-(0.0518 cm2lg)(.l.6 g/cm3)(245 cm)] = 1.5? x l0-e ;

r = (l .52 x 10-e)(6.2 R/year) = 9.424 x lO-e R/year

The background rad'iation dose as measured by the applicant is 72.8 mR/year (ER, p. 2-171).
The ganrma radiation from the deposited ta'ilings would be insignificant compared to the natural
gamma background.
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